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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from and the benefit of
Korean Patent Applications No. 10-2012-0025561, filed on
Mar. 13, 2012, and No. 10-2012-0026073, filed on Mar. 14,
2012, which is hereby incorporated by reference for all pur-
poses as if fully set forth herein.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
a liquid crystal display.

2. Discussion of the Background

A liquid crystal display (LCD) is one of the most widely
used flat panel displays (FPD), and it is composed of two
display panels on which field generating electrodes such as a
is pixel electrode and a common electrode are formed, and a
liquid crystal layer interposed between the two display pan-
els. A voltage is applied to the field generating electrodes to
generate an electric field on the liquid crystal layer, and the
orientation of liquid crystal molecules of the liquid crystal
layer is determined and the polarization of incident light is
controlled through the generated electric field to display an
image.

Among these LCDs, a vertical alignment mode LCD,
which arranges major axes ofliquid crystal molecules so as to
be perpendicular to the display panel in a state in which an
electric field is not applied, has been developed.

In the vertically aligned (VA) mode liquid crystal display,
it is important to ensure a light viewing angle, and for this
purpose, a method of forming a cutout, such as a micro-slit on
the field generating electrode, is used. Cutouts and protru-
sions determine a tilt direction of liquid crystal molecules,
such that a viewing angle may be increased by appropriately
disposing the cutouts and protrusions to disperse the tilt direc-
tion of the liquid crystal molecule in various directions.

In the case of forming a plurality of branch electrodes by
forming the minute slits in the pixel electrode, an aperture
ratio of the liquid crystal display is reduced, and as a result,
transmittance is deteriorated.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form any part of the prior art nor what the
prior art may suggest to a person of ordinary skill in the art.

SUMMARY

Exemplary embodiments of the present invention relate to
aliquid crystal display with improved transmittance and aper-
ture ratio, and reduced texture.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

An exemplary embodiment of the present invention dis-
closes: a substrate; a pixel electrode including a partial plate
electrode and a plurality of minute branch electrodes
extended from the partial plate electrode and formed on the
substrate; and a step provider positioned between the sub-
strate and the pixel electrode.

insulatorinsulatorinsulatorinsulatorlt is to be understood
that both the foregoing general description and the following
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2

detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 11is a layout view of a liquid crystal display according
to an exemplary embodiment of the present invention.

FIG. 2 is a cross-sectional view taken along the line II-1T of
FIG. 1.

FIG. 3 is a view showing an experimental result using the
exemplary embodiment of FIG. 1 and FIG. 2.

FIG. 4 is a layout view of a liquid crystal display according
to another exemplary embodiment of the present invention.

FIG. 5 is a cross-sectional view taken along the line V-V of
FIG. 4.

FIG. 6 is a view showing an experimental result using the
exemplary embodiment of FIG. 4 and FIG. 5.

FIG. 7 is a layout view of a liquid crystal display according
to another exemplary embodiment of the present invention.

FIG. 8 is a cross-sectional view taken along the line VIII-
VIII of FIG. 7.

FIG. 9 is a view showing an experimental result using the
exemplary embodiment of FIG. 7 and FIG. 8.

FIG. 10 is a layout view of a partial wiring part in a liquid
crystal display according to another exemplary embodiment
of the present invention.

FIG. 11, (b) of FIG. 12, and FIG. 14 are cross-sectional
views of a liquid crystal display according to another exem-
plary embodiment of the present invention, where (a) of FIG.
12 is alayout view and (¢) of FIG. 12 is an experimental result
using the exemplary embodiment, FIG. 13, FIG. 15, and FIG.
16 are masks used for manufacturing the liquid crystal display
according to another exemplary embodiment of the present
invention.

FIG. 17 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion.

FIG. 18 is a cross-sectional view taken along the line
XVII-XVII of FIG. 17.

FIG. 19 is a view showing an experimental result using the
exemplary embodiment of FIG. 17 and FIG. 18.

FIG. 20, FIG. 21, FIG. 22, FIG. 23, and FIG. 24 are
enlarged views of a pixel is electrode of a liquid crystal
display according to another exemplary embodiment of the
present invention.

FIG. 25, FIG. 27, FIG. 29, and FIG. 31 are equivalent
circuit diagrams of a liquid crystal display according to
another exemplary embodiment of the present invention, and
FIG. 26, F1G. 28, FIG. 30, and FIG. 32 are arrangement views
of a liquid crystal display according to another exemplary
embodiment of the present invention.

FIG. 33 is a layout view of a liquid crystal display accord-
ing to an exemplary embodiment of the present invention.

FIG. 34 is a cross-sectional view taken along the line
XXXIV-XXXIV of FIG. 33.

FIG. 35 is an equivalent circuit diagram of one pixel of the
liquid crystal display of FIG. 33.

FIG. 36 is a layout view showing a color filter and a pixel
electrode in the liquid crystal display of FIG. 33.
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FIG. 37 and FIG. 38 are views showing an experimental
result using an exemplary embodiment of the present inven-
tion.

FIG. 39, FIG. 40, FI1G. 41, and FIG. 42 are layout views of
a part separated from another exemplary embodiment of the
present invention.

FIG. 43 is a cross-sectional view of a color filter according
to another exemplary embodiment of the present invention.

FIG. 44 is a view of a process of providing a pretilt to liquid
crystal molecules by using a prepolymer that is polymerized
by light such as ultraviolet rays.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on” or
“connected to” another element, it can be directly on or
directly connected to the other element, or intervening ele-
ments may also be present. In contrast, when an element is
referred to as being “directly on” or “directly connected to”
another element, there are no intervening elements present. It
will be understood that for the purposes of this disclosure, “at
least one of X, Y, and Z” can be construed as X only, Y only,
Z only, or any combination of two or more items X, Y, and Z
(e.g,XYZ, XYY, YZ,77}.

Aliquid crystal display according to an exemplary embodi-
ment of the present invention will be described with reference
to FIG. 1 and FIG. 2.

FIG. 11s a layout view of a liquid crystal display according
to an exemplary embodiment of the present invention, and
FIG. 2 is a cross-sectional view taken along the line II-II of
FIG. 1.

Referring to FIG. 1 and FIG. 2, a liquid crystal display
according to the present exemplary embodiment includes a
lower panel 100 and an upper panel 200 facing each other, a
liquid crystal layer 3 disposed between the two display panels
100 and 200, and a pair of polarizers (not shown) attached at
the outer surfaces of the display panels 100 and 200.

The lower panel 100 will be described below.

A gateline 121 and a storage voltage line 131 are formed on
an insulation substrate 110. The gate line 121 includes a first
gate electrode 124a, a second gate electrode 1245, and a third
gate electrode 124¢. The storage voltage line 131 includes
storage electrodes 1354, 1355, and 135¢, and a capacitor
electrode 134 extending downward. The storage voltage line
131 includes two first longitudinal storage electrode parts
135a extending upward, a transverse storage electrode part
1355 connecting the two first longitudinal storage electrode
parts 1354, and two second longitudinal storage electrode
parts 135¢ further extending upward from the transverse stor-
age electrode part 1354.

The first longitudinal storage electrode part 1354 is formed
along a longitudinal edge of a first sub-pixel electrode 191/
formed thereon, and the second longitudinal storage elec-
trode part 135¢ is formed along a longitudinal edge of a

5

10

15

20

25

30

35

40

45

50

55

60

65

4

second sub-pixel electrode 191/ formed thereon. The trans-
verse storage electrode part 1355 is positioned between a
transverse edge of the previous second sub-pixel electrode
191/ and the transverse edge of the current first sub-pixel
electrode 1914, and is formed along the two transverse edges.

As a result, the first longitudinal storage electrode part
135a and the transverse storage electrode part 13556 are
formed along the edge of the first sub-pixel electrode 191/,
thereby at least partially overlapping the first pixel sub-elec-
trode 1914, and the second longitudinal storage electrode part
135¢ and the transverse storage electrode part 1355 are
formed along the edge of the second sub-pixel electrode 191/,
thereby at least partially overlapping the second sub-pixel
electrode 191/.

In FIG. 1, the overlying transverse storage electrode part
1355 and the underlying transverse storage electrode part
1354 appear to be separated from each other, but in actuality,
is transverse storage electrode parts 1355 of the pixels PX that
are adjacent up and down are electrically connected to each
other.

A gate insulating layer 140 is formed on the gate line 121
and the storage voltage line 131. A first semiconductor 154a,
a second semiconductor 1545, and a third semiconductor
154¢ are formed on the gate insulating layer 140.

A plurality of ohmic contacts (not shown) are formed on
the first semiconductor 154a, the second semiconductor
1545, and the third semiconductor 154c¢.

Data conductors 171, 173¢, 175a, 175b, and 175¢ includ-
ing a plurality of data lines 171 which include a first source
electrode 173a and a second source electrode 1735, a first
drain electrode 1754, a second drain electrode 1755, a third
source electrode 173¢, and a third drain electrode 175¢, are
formed on the semiconductors (the first semiconductor 154a,
the second semiconductor 1545, and the third semiconductor
154¢), the ohmic contacts (not shown), and the gate insulating
layer 140.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 175a form a first thin film
transistor Qa together with the first semiconductor 1544, and
a channel of the first thin film transistor Qa is formed in the
semiconductor 154a between the first source electrode 173a
and the first drain electrode 175a. Similarly, the second gate
electrode 1245, the second source electrode 17356, and the
second drain electrode 1756 form a second thin film transistor
Qb together with the second semiconductor 1545, a channel
of the second thin film transistor Qb is formed in the semi-
conductor portion 1545 between the second source electrode
1735 and the second drain electrode 1754, the third gate
electrode 124c, the third source electrode 173¢, and the third
drain electrode 175¢ form a third thin film transistor Qc
together with the third semiconductor 154¢, and a channel of
the third thin film transistor Qc is is formed in the semicon-
ductor 154¢ between the third source electrode 173¢ and the
third drain electrode 175¢.

A color filter 230 and a passivation layer 180 are sequen-
tially formed on the gate insulating layer 140, the data con-
ductors 171, 173¢, 175a, 1755, and 175¢, and exposed por-
tions of the semiconductors 154a, 154b, and 154¢. The color
filter 230 may display one of three primary colors such, as red,
green, and blue, but it is not limited to display of a primary
color and may also display one of cyan, magenta, yellow, and
white-based colors. Meanwhile, the passivation layer 180
may be formed of an insulator, such as silicon nitride and
silicon oxide, or an insulator, and in the exemplary embodi-
ment of FIG. 1, the organic insulating layer including the
insulator is described.
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A step provider providing a step to an overlying layer is
formed in the passivation layer 180 of the insulator, and in
FIG. 1, step providing grooves 185/ and 185/ and a cross-
shaped protrusion 182 positioned between the step providing
grooves 185/ and 185/ function as the step provider. As
shown in FIG. 1, the step providing grooves 185/ and 185/
have a right triangle structure and are symmetrical to each
other in a diagonal direction. As a result, the passivation layer
180 includes the cross-shaped protrusion 182.

The color filter 230 and the passivation layer 180 include a
first contact hole 1844, a second contact hole 18454, and a third
contact hole 184¢ respectively exposing the first drain elec-
trode 175a, the second drain electrode 1754, and the third
drain electrode 175¢. The passivation layer 180 includes an
opening 189 collecting a gas emitted from the color filter 230.
According to FIG. 1, one pixel may include a pair of openings
189.

A pixel electrode 191 including the first subpixel electrode
191/ and the second subpixel electrode 191/ is formed on the
passivation layer 180. The first subpixel electrode 1914 and
the second subpixel electrode 191/ respectively include par-
tial plate electrodes 192/ and 192/ positioned at a center
thereof, and a plurality of minute branch electrodes 193/ and
193/ protruding from the partial plate electrodes 192/ and
192/ in an oblique direction.

The first subpixel electrode 191% includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to a wide end portion of the first drain electrode 175a
by a first minute branch connection 194/ extending outside
the square region.

The first partial plate electrode 192/ has a rhombus shape,
a center thereof is positioned at a center of the square region,
and each vertex of the rhombus meets the boundary of the
square region. The first partial plate electrode 192/ covers the
first step providing groove 185/ of the passivation layer 180
and a first cross-shaped protrusion 182/%. As a result, the first
partial plate electrode 192/ has a step provided by the first
step providing groove 185/ of the passivation layer 180 and
the first cross-shaped protrusion 182/. Here, the first cross-
shaped protrusion 182/ provides a pretilt to liquid crystal
molecules positioned at the center of the square region.
thereby functioning to control an arrangement direction of the
liquid crystal molecules, and as a result, the texture is
reduced.

A plurality of first minute branch electrodes 193/ are
extended at an edge of the oblique direction of the first partial
plate electrode 192/4. The plurality of first minute branch
electrode 1937 fill the rest of the square region, form an angle
ot'45 degrees with respect to the gate line 121 or the data line
171, and form an angle of 90 degrees with respect to the edge
of the oblique direction of the first partial plate electrode
192/.

In the exemplary embodiment of the present invention
shown in FIG. 1, the first subpixel electrode 191/ includes a
first minute branch connection 194/ connecting the first is
partial plate electrode 192/ and the ends of a plurality of first
minute branch electrodes 193/ in a longitudinal direction or a
horizontal direction. The first minute branch connection 194/
overlaps the first subpixel electrode 191/ and the underlying
storage electrode 135a and 1355, thereby forming a storage
capacitance. However, according to an exemplary embodi-
ment of the present invention, the first minute branch connec-
tion 194/ may be omitted, and in this case, a plurality of first
minute branch electrodes 193/ protrude to the outside.

The second subpixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
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6

branch electrodes 193/ formed in the rectangle region having
a longitudinal edge, and is connected to the wide end portion
of'the second drain electrode 175/ by a second minute branch
connection 194/ extended outside the rectangle region.

The center of the second partial plate electrode 192/ is
positioned at the center of the rectangle region and has the
rhombus shape connecting the center of each edge of the
rectangle region. As a result, each vertex of the rhombus
meets the boundary of the rectangle region, and the second
partial plate electrode 192/ has a greater width in the vertical
direction than the horizontal direction. The second partial
plate electrode 192/ covers the second step providing groove
185/ of the passivation layer 180 and a second cross-shaped
protrusion 182/. As a result, the second partial plate electrode
192/ has the step provided by the second step providing
groove 185/ of the passivation layer 180 and the second
cross-shaped protrusion 182/ of the cross type. A plurality of
second minute branch electrodes 193/ extend from the edge of
the oblique direction of the second partial plate electrode
192/. The plurality of second minute branch electrodes 193/
fill the rest of the rectangle region, form an angle of 45
degrees with respect to the gate line 121 or the data line 171,
and form an angle of 90x15 degrees with respect to the edge
of the oblique direction of the second partial plate electrode
192/.

Meanwhile, in the exemplary embodiment of FIG. 1, the
second subpixel electrode 191/ includes the second minute
branch connection 194/ connecting the second partial plate
electrode 192/ and the ends of a plurality of second minute
branch electrode 193/ in a longitudinal direction or a horizon-
tal direction. The second minute branch connection 194/
overlaps the second subpixel electrode 191/ and the underly-
ing storage electrode 1356 and 135¢, thereby forming a stor-
age capacitance. However, according to an exemplary
embodiment of the present invention, the second minute
branch connection 194/ may be omitted, and in this case, a
plurality of second minute branch electrodes 193/ protrude
outside.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ are physically and electrically connected to the
first drain electrode 1754 and the second drain electrode 1755
through the contact holes 184a and 1845, thereby receiving
data voltages from the first drain electrode 175a¢ and the
second drain electrode 175b. At this time, the portion of the
data voltage applied to the second drain electrode 1755 is
divided through the third source electrode 173¢, such that a
magnitude of the voltage applied to the second subpixel elec-
trode 191/ is less than the magnitude of the voltage applied to
the first subpixel electrode 191/4. Here, an area of the second
subpixel electrode 191/ may be approximately one to two
times less than that of the first subpixel electrode 1914.

A storage electrode connecting member 139 connects the
capacitor electrode 134 of the storage voltage line 131 and the
third drain electrode 175¢ through the contact hole 184¢. The
storage voltage Vst is applied to the capacitor electrode 134
of the storage voltage line 131 to have a predetermined volt-
age, thereby apply the storage voltage Vcst to the third thin
film transistor Qc through the third drain electrode 175¢. As a
result, the voltage applied to the second sub-pixel may be
decreased.

A cover 199 covering the opening 189 of the passivation
layer 180 is formed on the opening 189. The cover 199 is
formed to block transmission of a gas emitted from the color
filter 230 to other elements, and according to FI1G. 1, one pixel
may include a pair of covers 199. The pixel electrode 191 and
the cover 199 may be made of a transparent conductive mate-
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rial such as ITO or IZO. Accordingly to an exemplary
embodiment of the present invention, the opening 189 and the
cover 199 may be omitted.

A lower alignment layer (not shown) is formed on the pixel
electrodes 191. The lower alignment layer may be a vertical
alignment layer and may be the alignment layer including a
photo-reactive material. The photo-reactive material will be
described with reference to FIG. 44.

The common electrode panel 200 will be described below.

A light blocking member 220 is formed on an insulation
substrate 210. The light blocking member 220 is referred to as
black matrix and prevents light leakage. The light blocking
member 220 extends along the gate line 121, covers a region
where the first thin film transistor (Qh), the second thin film
transistor (Ql), and the third thin film transistor (Qc) are
positioned, is extended along the data line 171, and covers the
surroundings of the data line 171. A region that is not covered
by the light blocking member 220 emits light to the outside,
thereby displaying the images.

A planarization layer 250 providing a planar lower surface
and made of organic material is formed under the light block-
ing member 220.

A common electrode 270 made of the transparent conduc-
tive material is formed under the planarization layer 250.

An upper alignment layer (not shown) may be formed
under the common is electrode 270. The upper alignment
layer may be a vertical alignment layer and may be an align-
ment layer in which a photo-polymer material is photo-
aligned.

Polarizers (not shown) are formed on the outer surface of
the display panels 100 and 200, the polarization axis of the
two polarizers are crossed, and one polarization axis thereof
may be parallel to the gate lines 121. The polarizer may be
disposed on one outer surface among the two display panels
100 and 200.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ to which the data voltage is applied generate an
electric field in conjunction with the common electrode 270
of'the common electrode panel 200 such that the liquid crystal
molecules of the liquid crystal layer 3 that are aligned verti-
cally to the surface of two electrodes 191 and 270 in the
absence of the electric field are slanted in a direction parallel
to the surface of the two electrodes 191 and 270, and thereby
the luminance of the light transmitted through the liquid
crystal layer 3 differs depending on the slant degree of the
liquid crystal molecules.

The liquid crystal display may further include a spacer (not
shown) to maintain a cell interval between the two display
panels 100 and 200, and the spacer may be attached to either
the upper panel 200 or the lower panel 100.

The liquid crystal layer 3 disposed between the lower panel
100 and the upper panel 200 includes the liquid crystal mol-
ecules 31 having negative dielectric anisotropy.

The liquid crystal layer 3 or the alignment layer (not
shown) may further include a polymer that is polymerized by
light, such as ultraviolet rays. The polymer included in the
liquid crystal layer 3 provides the pretilt to the liquid crystal
layer 3, and a method of providing the pretilt angle will be
described in detail in FIG. 44. That is, the liquid crystal layer
3 may not include the polymer when the arrangement direc-
tion is sufficiently controlled without the is polymer provid-
ing the pretilt angle.

As described above, in the exemplary embodiment of FIG.
1 and FIG. 2, the step provider is formed in the passivation
layer 180 of the insulator and includes the step providing
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grooves 185/ and 185/ and the cross-shaped protrusions 182/
and 182/ positioned between the step providing grooves 1854
and 1851

However, the texture is reduced the most according to the
provided step (referring to d of FIG. 2), thereby increasing the
transmittance, with reference to FIG. 3.

FIG. 3 is a view showing an experimental result using the
exemplary embodiment of FIG. 1 and FIG. 2.

In FIG. 3, “Passi” means the passivation layer 180 of the
insulator, and the two upper pictures in FIG. 3 are a case
where the passivation layer 180 of the insulator is formed with
a thickness of 1000 A, while the two lower pictures in FIG. 3
are a case where the passivation layer 180 of the insulator is
formed with a thickness of 4000 A.

In FIG. 3, when providing the step via the step providing
groove and the cross-shaped protrusion, as in the exemplary
embodiment of FIG. 1 and FIG. 2, the texture may be not
controlled and the transmittance is decreased when a step of
1000 A is provided, but the texture may be controlled and the
transmittance is increased when a step of 4000 A is provided.
When providing the step via the step providing groove and the
cross-shaped protrusion, as in the exemplary embodiment of
FIG. 1 and FIG. 2, it may be confirmed that the control force
of the liquid crystal molecules is reinforced when the step is
large such that the texture is decreased, and the texture is
decreased when the step is more than 3000 A such that the
transmittance is greater than a predetermined degree.

In the exemplary embodiment of FIG. 1 and FIG. 2, the
passivation layer 180 of is the insulator includes the step
providing groove and the cross-shaped protrusion. However,
the step providing groove and the cross-shaped protrusion
may be formed in the color filter 230. The passivation layer
180 on the color filter 230 may be formed of an inorganic
insulating material or may be omitted. Although the step
provider is formed by using the step providing groove and the
cross-shaped protrusion of the color filter 230, as shown in
FIG. 3, a step of more than 3000 A must be provided to reduce
the texture.

Next, another exemplary embodiment of the present inven-
tion will be described with reference to FIG. 4 to FIG. 6.

FIG. 4 is a layout view of a liquid crystal display according
to another exemplary embodiment of the present invention,
and FIG. 5 is a cross-sectional view taken along the line V-V
of FIG. 4.

The exemplary embodiment of FIG. 4 and FIG. 5 is a case
of forming cross-shaped grooves 182-1/ and 182-1/ as the
step provider, which differs from the exemplary embodiment
of FIG. 1 and FIG. 2.

Referring to FIG. 4 and FIG. 5, the liquid crystal display
according to the present exemplary embodiment includes the
lower panel 100 and the upper panel 200 facing each other, a
liquid crystal layer 3 disposed between the two display panels
100 and 200, and a pair of polarizers (not shown) attached at
the outer surfaces of the display panels 100 and 200. The
upper panel 200 of the exemplary embodiment of FIG. 4 and
FIG. 5 is the same as that of FIG. 1 and FIG. 2 such that the
description thereof is omitted.

The lower panel 100 will be described, and the layered
structure from the insulation substrate 110 to the color filter
230 in the lower panel 100 is the same as the exemplary
embodiment of FIG. 1 and FIG. 2.

The gate line 121 and the storage voltage line 131 are
formed on the insulation substrate 110. The gate line 121
includes a first gate electrode 1244, a second gate electrode
12454, and a third gate electrode 124¢. The storage voltage line
131 includes storage electrodes 135a, 1355, and 135¢, and a
capacitor electrode 134 extending downward. The storage
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voltage line 131 includes two first longitudinal storage elec-
trode parts 1354 extending upward, a transverse storage elec-
trode part 1355 connecting two first longitudinal storage elec-
trode parts 135a, and two second longitudinal storage
electrode parts 135¢ further extending upward from the trans-
verse storage electrode part 1355.

The first longitudinal storage electrode part 1354 is formed
along a longitudinal edge of the first sub-pixel electrode 191/
formed thereon, and the second longitudinal storage elec-
trode part 135¢ is formed along the longitudinal edge of the
second sub-pixel electrode 191/ formed thereon. Meanwhile,
the transverse storage electrode part 1355 is positioned
between a transverse edge of the previous second sub-pixel
electrode 191/ and the transverse edge of the current first
sub-pixel electrode 1914, and is formed along the two trans-
verse edges.

As a result, the first longitudinal storage electrode part
135a and the transverse storage electrode part 1356 are
formed along the edge of the first sub-pixel electrode 191/,
thereby at least partially overlapping the first sub-pixel elec-
trode 191/, and the second longitudinal storage electrode part
135¢ and the transverse storage electrode part 13556 are
formed along the edge of the second sub-pixel electrode 191/,
thereby at least partially overlapping the second sub-pixel
electrode 19117

In FIG. 4, the overlying transverse storage electrode part
13556 and the underlying transverse storage electrode part
1354 appear to be separated from each other, but in actuality,
the transverse storage electrode parts 1355 of the pixels PX
that are adjacent up and down are electrically connected to
each other.

The gate insulating layer 140 is formed on the gate line 121
and the storage voltage line 131. The first semiconductor
154a, the second semiconductor 1545, and the third semicon-
ductor 154¢ are formed on the gate insulating layer 140.

A plurality of ohmic contacts (not shown) may be formed
on the first semiconductor 154a, the second semiconductor
1545, and the third semiconductor 154c¢.

Data conductors 171, 173¢, 175a, 175b, and 175¢ includ-
ing a plurality of data lines 171 which include the first source
electrode 173a and the second source electrode 1735, the first
drain electrode 1754, the second drain electrode 1755, the
third source electrode 173¢, and the third drain electrode
175¢, are formed on the semiconductor (the first semiconduc-
tor 1544, the second semiconductor 1545, and the third semi-
conductor 154¢), the ohmic contacts (not shown), and the gate
insulating layer 140.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 1754 form a first thin film
transistor Qa together with the first semiconductor 154a, and
a channel of the first thin film transistor Qa is formed in the
semiconductor portion 154a between the first source elec-
trode 173a and the first drain electrode 175a. Similarly, the
second gate electrode 1245, the second source electrode
1735, and the second drain electrode 1755 form a second thin
film transistor Qb together with the second semiconductor
1544, a channel of the second thin film transistor Qb is formed
in the semiconductor portion 1545 between the second source
electrode 17354 and the second drain electrode 17554, the third
gate electrode 124c¢, the third source electrode 173¢, and the
third drain electrode 175¢ form a third thin film transistor Qc
together with the third semiconductor 154¢, and a channel of
the third thin film transistor Qc is formed in the semiconduc-
tor portion 154¢ between the third source electrode 173¢ and
the third is drain electrode 175c¢.

The color filter 230 and the passivation layer 180 are
sequentially formed on the gate insulating layer 140, the data
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conductors 171, 173¢, 175a, 1756, and 175¢, and the exposed
portion of the semiconductors 154a, 154b, and 154¢. The
color filter 230 may display one of three primary colors such
as red, green, and blue, but it is not limited to display of a
primary color and may also display and may display one of
cyan, magenta, yellow, and white-based colors. Meanwhile,
the passivation layer 180 may be formed of an insulator such
as silicon nitride and silicon oxide, or an insulator, and in the
exemplary embodiment of FIG. 1, the organic insulating layer
including the insulator is described.

The step provider providing the step to the overlying layer
is formed in the passivation layer 180 of the insulator, and in
FIG. 4, the cross-shaped grooves 182-1/ and 182-1/ are the
only step provider. The cross-shaped grooves 182-1/ and
182-1/ are formed with a predetermined depth d while having
the cross shape, as shown in FIG. 4 and FIG. 5. In FIG. 5, the
cross-shaped grooves 182-1/ and 182-1/ of the step provider
are formed by entirely etching the passivation layer 180 of the
insulator such that the color filter 230 is formed directly under
the cross-shaped grooves 182-1/ and 182-1/ without the pas-
sivation layer 180, although the passivation layer 180 may
have a predetermined thickness according to an exemplary
embodiment of the present invention.

The color filter 230 and the passivation layer 180 include
the first contact hole 184a, the second contact hole 1845, and
the third contact hole 184c¢ respectively exposing the first
drain electrode 1754, the second drain electrode 1755, and the
third drain electrode 175¢.

The pixel electrode 191, including the first subpixel elec-
trode 191/ and the second subpixel electrode 191/, is formed
on the passivation layer 180. The first subpixel is electrode
191/ and the second subpixel electrode 191/ respectively
include partial plate electrodes 192/ and 192/ positioned at a
center thereof, and a plurality of minute branch electrodes
193/ and 193/ protruding from the partial plate electrode
192/ and 192/ in an oblique direction.

The first subpixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to a wide end portion of the first drain electrode 175a
by the first minute branch connection 194/ extending outside
the square region.

The first partial plate electrode 192/ has a rhombus shape,
a center thereof is positioned at a center of the square region,
and each vertex of the rhombus meets the boundary of the
square region. Also, the first partial plate electrode 192/
covers the first cross-shaped groove 182-1/ of the passivation
layer 180. As a result, the first partial plate electrode 192/ has
the step provided by the first cross-shaped groove 182-1% of
the passivation layer 180, as illustrated in FIG. 5. Here, the
first cross-shaped groove 182-1/ provides the pretilt to the
liquid crystal molecules positioned at the center of the square
region, thereby controlling the arrangement direction of the
liquid crystal molecules and, as a result, the reducing the
texture.

A plurality of first minute branch electrodes 193/ extend to
an edge of the oblique direction of the first partial plate
electrode 1924. A plurality of first minute branch electrodes
193/ fill the rest of the square region, form an angle of 45
degrees with respect to the gate line 121 or the data line 171,
and form an angle of 90 degrees with respect to the edge of the
oblique direction of the first partial plate electrode 192/.

Meanwhile, in the exemplary embodiment of FIG. 4, the
first subpixel electrode 191/ includes the first minute branch
connection 194/ connecting the first partial plate electrode
192/ and the ends of a plurality of first minute branch elec-
trodes 193/ in a longitudinal direction or a horizontal direc-
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tion. The first minute branch connection 194/ overlaps the
first subpixel electrode 191/ and the underlying storage elec-
trode 135a and 1355, thereby forming the storage capaci-
tance. However, according to an exemplary embodiment of
the present invention, the first minute branch connection 194/
may be omitted, and in this case, a plurality of first minute
branch electrodes 193/ protrude to the outside.

On the other hand, the second subpixel electrode 191/
includes the second partial plate electrode 192/ and a plurality
of second minute branch electrodes 193/ formed in the rect-
angle region having a longitudinal edge, and is connected to
the wide end portion of the second drain electrode 175/ by the
second minute branch connection 194/ extending outside the
rectangle region.

The center of the second partial plate electrode 192/ is
positioned at the center of the rectangle region, and has a
rhombus shape connecting the center of each edge of the
rectangle region. As a result, each vertex of the rhombus
meets the boundary of the rectangle region. In addition, the
second partial plate electrode 192/ covers the second cross-
shaped groove 182-1/ of the passivation layer 180. As a result,
the second partial plate electrode 192/ has the step provided
by the second cross-shaped groove 182-1/ of the passivation
layer 180, as illustrated in FIG. 5.

A plurality of second minute branch electrodes 193/ extend
from the edge of the oblique direction of the second partial
plate electrode 192/. The plurality of second minute branch
electrodes 193/ fills the rest of the rectangle region, form an
angle of 45 degrees with respect to the gate line 121 or the data
line 171, and form an angle of 90£15 degrees with respect to
the edge of the oblique direction of the second partial plate
electrode 192/,

In the exemplary embodiment of FIG. 4, the second sub-
pixel electrode 191/ includes the second minute branch con-
nection 194/ connecting the second partial plate electrode
192/ and the ends of a plurality of second minute branch
electrodes 193/ in a longitudinal direction or a horizontal
direction. The second minute branch connection 194/ over-
laps the second subpixel electrode 191/ and the underlying
storage electrodes 1356 and 135c¢, thereby forming the stor-
age capacitance. However, according to an exemplary
embodiment, the second minute branch connection 194/ may
be omitted, and in this case, a plurality of second minute
branch electrodes 193/ protrude to the outside.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ are physically and electrically connected to the
first drain electrode 1754 and the second drain electrode 1755
through the contact holes 184a and 1845, thereby receiving
data voltages from the first drain electrode 1754 and the
second drain electrode 1755b. At this time, the portion of the
data voltage applied to the second drain electrode 1755 is
divided through the third source electrode 173¢ such that a
magnitude of the voltage applied to the second subpixel elec-
trode 191/ is less than the magnitude of the voltage applied to
the first subpixel electrode 191%. Here, an area of the second
subpixel electrode 191/ may be approximately one to two
times less than that of the first subpixel electrode 1914.

A lower alignment layer (not shown) is formed on the pixel
electrodes 191. The lower alignment layer may be a vertical
alignment layer, and may be an alignment layer including a
photo-reactive material. The photo-reactive material will be
described with reference to FIG. 44.

As described above, in the exemplary embodiment of FIG.
4 and FIG. 5, the step provider is formed in the passivation
layer 180 of the insulator and is made of the cross-shaped is
grooves 182-1/ and 182-1/
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However, the texture is most reduced according to the
provided step (referring to d of FIG. 5), thereby increasing the
transmittance with reference to FIG. 6.

FIG. 6 is a view showing an experimental result using the
exemplary embodiment of FIG. 4 and FIG. 5.

In FIG. 6, “passi” refers to the passivation layer 180 of the
insulator, and “Nega” refers to the cross-shaped groove
formed as the step provider. As shown in FIG. 6, as the depth
of the cross-shaped groove is increased, the control force
controlling the liquid crystal molecules becomes weaker such
that the texture is largely generated. Therefore, if the depth of
the cross-shaped groove is small when forming the cross-
shaped groove as the step provider, the texture is decreased
and the depth of 3000 A is preferable.

In the exemplary embodiment of FIG. 4 and FIG. 5,
although the cross-shaped groove as the step provider is
formed in the passivation layer 180 of the insulator, an exem-
plary embodiment forming the cross-shaped groove in the
color filter 230 is possible. The passivation layer 180 on the
color filter 230 may be formed of an inorganic insulating
material or may be omitted. Although the cross-shaped
groove as the step provider is formed in the color filter 230, as
shown in FIG. 6, a step of less than 3000 A must be provided
to reduce the texture. The cross-shaped groove must have a
minimum depth, and a depth of more than 100 A is preferable.

Next, another exemplary embodiment of the present inven-
tion will be described with reference to FIG. 7 to FIG. 9.

FIG. 7 is a layout view of a liquid crystal display according
to another exemplary embodiment of the present invention,
and FIG. 8 is a cross-sectional view taken along the line
VII-VII of FIG. 7.

In the exemplary embodiment of FIG. 7 and FIG. 8, as
opposed to the exemplary embodiments of FIG. 1, FIG. 2,
FIG. 4, and FIG. 5, step providing wiring is formed with the
same layer as the gate line as the step provider, and thereby the
step is generated in the overlying insulating layer/passivation
layer as a result of the thickness of the step providing wiring.

In the exemplary embodiment of FIG. 7 and FIG. 8, as
opposed to the exemplary embodiments of FIG. 1, FIG. 2,
FIG. 4, and FIG. 5, the color filter 230 is not formed in the
lower panel 100, but is formed in the upper panel 200. In the
present exemplary embodiment, the color filter 230 may be
formed in the lower panel 100, although the color filter 230
may be formed lower (a side of the substrate) than the wiring
providing the step. This is because the step provided by the
step providing wiring may not be generated at the position of
the pixel electrode because of the planarization characteristic
of'the color filter 230 when forming the color filter 230 on the
wiring such as the gate line. Also, forming the insulating
layer/passivation layer including the inorganic material on
the wiring, such as the gate line, as compared with the passi-
vation layer/insulating layer including the organic material,
may transmit the step provided by the step providing wiring to
the position where the pixel electrode is formed as it is. As a
result, in the exemplary embodiment of FIG. 7 and FIG. 8, the
gate insulating layer 140 and the passivation layer 180 are
formed of the inorganic material.

Referring to FIG. 7 and FIG. 8, the liquid crystal display
according to the present exemplary embodiment includes the
lower panel 100 and the upper panel 200 facing each other, a
liquid crystal layer 3 interposed between the two display
panels 100 and 200, and a pair of polarizers (not shown)
attached at the outer surfaces of the display panels 100 and
200.

First, the lower panel 100 will be described.

The gate line 121, the storage voltage line 131, and the step
providing wires 132/ and 132/ are formed on the insulation
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substrate 110. The gate line 121 includes a first gate electrode
124a, a second gate electrode 1245, and a third gate electrode
124c¢. The storage voltage line 131 includes storage elec-
trodes 135a, 1355, and 135¢, and a capacitor electrode 134
extending downward. The storage voltage line 131 includes
two first longitudinal storage electrode parts 1354 extending
upward, a transverse storage electrode part 1355 connecting
two first longitudinal storage electrode parts 1354, and two
second longitudinal storage electrode parts 135¢ further
extending upward from the transverse storage electrode part
135b. The first longitudinal storage electrode part 135a is
formed along a longitudinal edge of the first sub-pixel elec-
trode 191/ formed thereon, and the second longitudinal stor-
age electrode part 135¢ is formed along the longitudinal edge
of'the second sub-pixel electrode 191/ formed thereon. Mean-
while, the transverse storage electrode part 1355 is positioned
between a transverse edge of the previous second sub-pixel
electrode 191/ and the transverse edge of the current first
sub-pixel electrode 1914, and is formed along the two trans-
verse edges. As a result, the first longitudinal storage elec-
trode part 135a and the transverse storage electrode part 1356
are formed along the edge of the first sub-pixel electrode
1914, thereby at least partially overlapping the first sub-pixel
electrode 1914, and the second longitudinal storage electrode
part 135¢ and the transverse storage electrode part 1355 are
formed along the edge of the second sub-pixel electrode 191/,
thereby at least partially overlapping the second sub-pixel
electrode 191/. In FIG. 1, the overlying transverse storage
electrode part 1356 and the underlying transverse storage
electrode part 13556 appear to be separated from each other,
but in actuality, the transverse storage electrode part 1355 of
the pixels PX that are adjacent up and down are electrically
connected to each other.

The step providing wires 132/ and 132/ are formed with
the same layer and the is same material as the gate line 121
and the storage voltage line 131 in the exemplary embodi-
ment of FIG. 7, and are electrically connected to the storage
electrodes 135a, 13556, and 135¢ of the storage voltage line
131. That is, the first step providing wire 132/ has a cross
shape, and four ends are respectively connected to the first
longitudinal storage electrode part 1354, the transverse stor-
age electrode part 1355, and the storage voltage line 131.
Meanwhile, the second step providing wire 132/ has a cross
shape, and three of four ends are respectively connected to the
second longitudinal storage electrode part 135¢ and the trans-
verse storage electrode part 1355, and the remaining end is
not connected.

The step providing wires 132/ and 132/ have a predeter-
mined thickness to provide the step to the overlying insulating
layer/passivation layer, as will be described with reference to
FIG. 9.

The gate insulating layer 140 made of the inorganic insu-
lating material is formed on the gate line 121, the storage
voltage line 131, and the step providing wires 1324 and 132/.
The first semiconductor 1544, the second semiconductor
1545, and the third semiconductor 154¢ are formed on the
gate insulating layer 140.

The plurality of ohmic contacts (not shown) are formed on
the first semiconductor 154a, the second semiconductor
1545, and the third semiconductor 154c¢.

Data conductors 171, 173¢, 175a, 175b, and 175¢ includ-
ing a plurality of data lines 171 which include the first source
electrode 173a and the second source electrode 1735, the first
drain electrode 1754, the second drain electrode 1755, the
third source electrode 173¢, and the third drain electrode
175¢, are formed on the semiconductor (the first semiconduc-

10

15

20

25

30

35

40

45

50

55

60

65

14

tor 154a, the second semiconductor 1545, and the third semi-
conductor 154c¢), the ohmic contacts (not shown), and the gate
insulating layer 140.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 175a form a first thin film
transistor Qa together with the first semiconductor 1544, and
a channel of the first thin film transistor Qa is formed in the
semiconductor portion 154a between the first source elec-
trode 173a and the first drain electrode 175a. Similarly, the
second gate electrode 1244, the second source electrode
1735, and the second drain electrode 1755 form a second thin
film transistor Qb together with the second semiconductor
15454, a channel of the second thin film transistor Qb is formed
in the semiconductor portion 1545 between the second source
electrode 17354 and the second drain electrode 1755, the third
gate electrode 124c¢, the third source electrode 173¢, and the
third drain electrode 175¢ form a third thin film transistor Qc
together with the third semiconductor 154¢, and a channel of
the third thin film transistor Qc is formed in the semiconduc-
tor portion 154¢ between the third source electrode 173¢ and
the third drain electrode 175c¢.

The passivation layer 180 is formed on the gate insulating
layer 140, the data conductors 171, 173¢, 175a, 1755, and
175¢, and the exposed portion of the semiconductors 1544,
1545, and 154¢. The passivation layer 180 is formed of the
insulator, such as silicon nitride and silicon oxide, thereby
maintaining the step provided by the step providing wires
132/ and 132/ without planarization. As a result, the cross-
shaped step corresponding to the shape of the step providing
wires 132/ and 132/ is formed on the passivation layer 180,
and hereafter, a portion where the step is formed on the
passivation layer 180 is referred to as “a wiring providing step
part”.

The passivation layer 180 of the inorganic insulating layer
includes the first contact hole 184a, the second contact hole
18454, and the third contact hole 184c¢ respectively exposing
the first drain electrode 1754, the second drain electrode
1755, and the third drain is electrode 175c¢.

The pixel electrode 191, including the first subpixel elec-
trode 191/ and the second subpixel electrode 191/, is formed
onthe passivation layer 180. The first subpixel electrode 191/
and the second subpixel electrode 191/ respectively include
partial plate electrodes 192/ and 192/ positioned at a center
thereof, and a plurality of minute branch electrodes 1934 and
193/ protruding from the partial plate electrode 192/ and 192/
in an oblique direction.

The first subpixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to a wide end portion of the first drain electrode 175a
by the first minute branch connection 194/ extending outside
the square region.

The first partial plate electrode 192/ has a rhombus shape,
a center thereof being positioned at a center of the square
region, and each vertex of the rhombus meets the boundary of
the square region. The first partial plate electrode 192/ covers
the first wiring providing step part generated in the passiva-
tion layer 180 by the first step providing wire 1324. As a
result, the first partial plate electrode 192/ has the step pro-
vided by the first wiring providing step part of the passivation
layer 180. Referring to FIG. 8, the first wiring providing step
part provides the pretilt to the liquid crystal molecules posi-
tioned at the center of the square region, thereby controlling
the arrangement direction of the liquid crystal molecules, and
as a result, reducing the texture.

A plurality of first minute branch electrodes 193/ extend in
an edge of the oblique direction of the first partial plate
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electrode 192/. The plurality of first minute branch electrodes
193/ fill the rest of the square region, form an angle of 45
degrees with respect to the gate line 121 or the data line 171,
and form an angle of 90 degrees with respect to the edge of the
oblique direction of the first partial plate electrode 192/.

Meanwhile, in the exemplary embodiment of FIG. 7, the
first subpixel electrode 191/ includes the first minute branch
connection 194/ connecting the first partial plate electrode
192/ and the ends of a plurality of the first minute branch
electrodes 193/ in a longitudinal direction or a horizontal
direction. The first minute branch connection 194/ overlaps
the first subpixel electrode 191/ and the underlying storage
electrodes 135a and 1355, thereby forming a storage capaci-
tance. However, according to an exemplary embodiment of
the present invention, the first minute branch connection 194/
may be omitted, and in this case, a plurality of first minute
branch electrodes 193/ protrude to the outside.

The second subpixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
branch electrodes 193/ formed in the rectangle region having
a longitudinal edge, and is connected to the wide end portion
of the second drain electrode 175/ by the second minute
branch connection 194/ extending outside the rectangle
region.

The center of the second partial plate electrode 192/ is
positioned at the center of the rectangle region, and has a
rhombus shape connecting the center of each edge of the
rectangle region. As a result, each vertex of the rhombus
meets the boundary of the rectangle region. Also, the second
partial plate electrode 192/ covers the second wiring provid-
ing step part generated in the passivation layer 180 by the
second step providing wires 132/. As a result, the second
partial plate electrode 192/ has the step provided by the sec-
ond wiring providing step part of the passivation layer 180, as
illustrated in FIG. 8.

A plurality of second minute branch electrodes 193/ extend
from the edge of the is oblique direction of the second partial
plate electrode 192/. A plurality of second minute branch
electrodes 193/ fill the rest of the rectangle region, form an
angle of 45 degrees with respect to the gate line 121 or the data
line 171, and form an angle of 90£15 degrees with respect to
the edge of the oblique direction of the second partial plate
electrode 192/,

In the exemplary embodiment of FIG. 4, the second sub-
pixel electrode 191/ includes the second minute branch con-
nection 194/ connecting the second partial plate electrode
192/ and the ends of a plurality of second minute branch
electrodes 193/ in a longitudinal direction or a horizontal
direction. The second minute branch connection 194/ over-
laps the second subpixel electrode 191/ and the underlying
storage electrode 1356 and 135¢, thereby forming a storage
capacitance. However, according to an exemplary embodi-
ment of the present invention, the second minute branch
connection 194/ may be omitted, and in this case, a plurality
of second minute branch electrodes 193/ protrude to the out-
side.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ are physically and electrically connected to the
first drain electrode 1754 and the second drain electrode 1755
through the contact holes 184a and 1845, thereby receiving
data voltages from the first drain electrode 1754 and the
second drain electrode 1755. At this time, a portion of the data
voltage applied to the second drain electrode 1755 is divided
through the third source electrode 173¢, such that a magni-
tude of the voltage applied to the second subpixel electrode
191/ is less than the magnitude of the voltage applied to the
first subpixel electrode 191/. Here, an area of the second
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subpixel electrode 191/ may be approximately one to two
times less than that of the first subpixel electrode 1914.

A lower alignment layer (not shown) is formed on the pixel
electrodes 191. The lower alignment layer may be a vertical
alignment layer, and may be an alignment layer is including a
photo-reactive material. The photo reactive material will be
described with reference to FIG. 44.

Next, the upper panel 200 will be described. The upper
panel 200 of FIG. 7 and FIG. 8 includes the color filter 230.

That is, the light blocking member 220 is positioned under
the insulation substrate 210. The light blocking member 220
is referred to as a “black matrix” and prevents light leakage.
The light blocking member 220 extends along the gate line
121, covers a region where the first thin film transistor (Qh),
the second thin film transistor (Ql), and the third thin film
transistor (Qc) are positioned, extends along the dataline 171,
and covers the surroundings of the data line 171. A region that
is not covered by the light blocking member 220 emits light to
the outside, thereby displaying the images.

The color filter 230 is formed under the light blocking
member 220. The color filter 230 may display one of three
primary colors such as red, green, and blue. Alternatively,
each color filter 230 may display the primary colors of yellow,
cyan, magenta, and the like, or may display a plurality of
colors other than these colors.

A planarization layer 250 providing a planar lower surface
and made of the organic material is formed under the color
filter 230.

A common electrode 270 made of the transparent conduc-
tive material is formed under the planarization layer 250.

An upper alignment layer (not shown) is formed under the
common electrode 270. The upper alignment layer may be the
vertical alignment layer, and may be an alignment layer in
which a photo-polymer material is photo-aligned.

Polarizers (not shown) are formed on the outer surface of
the display panels 100 and 200, the polarization axes of the
two polarizers are crossed, and one polarization axis thereof
may be parallel to the gate lines 121. However, the polarizer
may only be disposed on one outer surface among the two
display panels 100 and 200.

The liquid crystal layer 3 between the lower panel 100 and
the upper panel 200 includes liquid crystal molecules 31
having negative dielectric anisotropy.

The liquid crystal layer 3 or the alignment layer (not
shown) may further include the polymer that is polymerized
by light, such as ultraviolet rays. The polymer included in the
liquid crystal layer 3 provides the pretilt to the liquid crystal
layer 3, and a method of providing the pretilt angle will be
described in detail in FIG. 44. That is, the liquid crystal layer
3 may not include the polymer when the arrangement direc-
tion is sufficiently controlled without the polymer providing
the pretilt angle.

As described above, in the exemplary embodiment of FIG.
7 and FIG. 8, the step provider is the step providing wiring of
the cross type formed with the same layer as the gate line,
thereby generating the step in the overlying insulating layer/
passivation layer.

FIG. 9 illustrates how the texture is reduced the most
according to the thickness of the step providing wiring (refer-
ring to d of FIG. 8), thereby increasing the transmittance.

FIG. 9 is a view showing an experimental result using the
exemplary embodiment of FIG. 7 and FIG. 8.

InFIG. 9, “Plate only” means a case that the step providing
wiring is not formed, and “Gate” is an exemplary embodi-
ment in which the step providing wiring is formed with the
same layer as the gate line. That is, referring to FIG. 9, the
texture is lowest in the case of the step providing wiring when
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the same layer as the gate line has a thickness of 3000 A
compared to without the step providing wiring, and in the
case that the thickness of the step providing is wiring is 6000
A, the texture may be further generated. Through the above
experiment, when the step providing wiring with the same
layer as the gate line has a thickness of more than 3000 A and
less than 4000 A, the control force of the liquid crystal mol-
ecules is improved such that the texture is reduced.

Inthe exemplary embodiment of FIG. 7 and FIG. 8, the step
providing wiring is formed with the same layer as the gate
line. However, the step providing wiring may be formed with
the same layer as the data line as the step provider. Also, the
step providing wiring may be formed with the same layer as
the gate line and the data line, and this will be described with
reference to FIG. 10.

FIG. 10 is a layout view of a partial wiring part in a liquid
crystal display according to another exemplary embodiment
of the present invention.

In (a) of FIG. 10, the step providing wiring is formed with
the same layer as the gate line, and (b) of FIG. 10 illustrates
the step providing wiring being additionally formed with the
same layer as the data line, and the remaining structure is the
same as the exemplary embodiment of FIG. 6 and FIG. 7.
That is, in FIG. 10, the pixel electrode is not shown, however,
similar to the structure of the pixel electrode shown in FIG. 6
and FIG. 7, the pixel electrode 191 includes the first subpixel
electrode 191/ and the second subpixel electrode 192/, the
first subpixel electrode 191/ includes the first partial plate
electrode 192/ and a plurality of first minute branch elec-
trodes 193/, and the second subpixel electrode 191/ includes
the second partial plate electrode 192/ and a plurality of
second minute branch electrodes 193/,

Among the step provider according to the exemplary
embodiment of FIG. 10, the first step providing wiring
formed with the same layer as the gate line will be described
with reference to (a) of FIG. 10.

In (a) of FIG. 10, gate line 121, the storage voltage line 131
and the first step providing wiring 132/ and 132/ are formed
on the insulation substrate 110. The storage voltage line 131
includes storage electrodes 135a, 1354, and 135¢, and a
capacitor electrode 134 extending downward. The storage
voltage line 131 includes two first longitudinal storage elec-
trode parts 1354 extending upward, a transverse storage elec-
trode part 1355 connecting the two first longitudinal storage
electrode parts 1354, and two second longitudinal storage
electrode parts 135¢ further extending upward from the trans-
verse storage electrode part 1355. The first longitudinal stor-
age electrode part 1354 is formed along a longitudinal edge of
the first sub-pixel electrode 191/ formed thereon, and the
second longitudinal storage electrode part 135¢ is formed
along the longitudinal edge of the second sub-pixel electrode
191/ formed thereon. Meanwhile, the transverse storage elec-
trode part 1355 is positioned between a transverse edge of the
previous second sub-pixel electrode 191/ and the transverse
edge of the current first sub-pixel electrode 191/, and is
formed along the two transverse edges. The first longitudinal
storage electrode part 135a and the transverse storage elec-
trode part 1356 are formed along the edge of the first sub-
pixel electrode 1914, thereby at least partially overlapping the
first sub-pixel electrode 191/, and the second longitudinal
storage electrode part 135¢ and the transverse storage elec-
trode part 13556 are formed along the edge of the second
sub-pixel electrode 191/, thereby at least partially overlap-
ping the second sub-pixel electrode 191/. In FIG. 1, the over-
lying transverse storage electrode part 13554 and the underly-
ing transverse storage electrode part 1356 appear to be
separated from each other, but in actuality, the transverse
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storage electrode parts 1355 of the pixels PX that are adjacent
up and down are electrically connected to each other.

The first step providing wiring 132/ and 132/ is formed
with the same layer and the same material as the gate line 121
and the storage voltage line 131, and in the exemplary is
embodiment of FIG. 10, is electrically connected to the stor-
age electrodes 135a, 13556, and 135c¢ of the storage voltage
line 131. That is, the first-first step providing wiring 132/ has
the straight shape extending in the longitudinal direction, and
two ends are respectively connected to the transverse storage
electrode part 1355 and the storage voltage line 131. The
first-second step providing wiring 132/ has the straight shape
extending in the longitudinal direction, and two ends are
connected to the transverse storage electrode part 1355.

The gate insulating layer is formed on the gate line 121, the
storage voltage line 131, and the first step providing wiring
132/ and 132/, and the semiconductor layer and the ohmic
contact layer are formed thereon.

As shown in (b) of FIG. 10, second step providing wires
172h,172'2, 172/, and 172 are additionally formed with the
same layer as the data line. Among the second step providing
wires 1724, 172'h, 172/, and 172'/, the second-first step pro-
viding wires 172/ and 172/ have the straight shape extending
in the longitudinal direction and overlap the first step provid-
ing wires 132/ and 132/. Meanwhile, the second-second step
providing wires 172'2 and 172' have the straight shape
extending in the transverse direction, and the second-first step
providing wires 172/ and 172/ are connected, thereby form-
ing a cross shape.

The exemplary embodiment of FIG. 10 has the following
advantages.

Referring to FIG. 9, the step providing wiring must be
formed with a thickness of more than about 3000 A to less
than 4000 A. However, it is difficult to form the above thick-
ness with a single layer. In this case, as shown in FIG. 10(a)
and FIG. 10(b), one step providing wire is formed with the
same material as the gate line, and one step providing wire
formed with the same material as the data line is formed
thereon, thereby providing the sufficient step.

As opposed to the exemplary embodiment of FIG. 10, the
first step providing wiring formed with the same layer as the
gate line may have a cross shape, and in this case, one end of
the first step providing wiring may be connected to the storage
electrodes 1354, 13554, and 135¢.

The passivation layer formed of the inorganic material is
formed on the data line and the second step providing wires
172h, 172'h, 172/, and 172'/, and the wiring providing step
part is formed in the passivation layer by the first and second
step providing wiring.

In FIG. 10, the pixel electrode is not shown. However,
referring to FIG. 7 and FIG. 8, the first partial plate electrode
192/ covers the first wiring providing step part generated in
the passivation layer 180 by the first and second step provid-
ing wires 132/, 172/, and 172'%. As a result, the first partial
plate electrode 192/ has the step provided by the first wiring
providing step part of the passivation layer 180. Also, the
second partial plate electrode 192/ covers the second wiring
providing step part generated in the passivation layer 180 by
the first and second step providing wires 132/,172/, and 172'].
As aresult, the second partial plate electrode 192/ has the step
provided by the second wiring providing step part of the
passivation layer 180.

Here, the first and second wiring providing step part pro-
vides the pretilt to the liquid crystal molecules, thereby con-
trolling an arrangement direction of the liquid crystal mol-
ecules, and as a result, texture is reduced.
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In the exemplary embodiment of FIG. 4, FIG. 5, FIG. 7,
and FIG. 8, the various exemplary embodiments of the step
provider shown in FIG. 1 and FIG. 2 have been described.

In FIG. 11 to FIG. 16, similar to the step provider of FIG.
1 and FIG. 2, the step providing groove and the cross-shaped
protrusion are formed in the passivation layer 180 of the
insulator, and variations of the step providing groove and a
manufacturing method thereof will is be described.

FIGS. 11, (b) of 12, and 14 are cross-sectional views of a
liquid crystal display according to another exemplary
embodiment of the present invention, and FIGS. 13, 15, and
16 illustrate masks used for manufacturing the same.

Firstly, an exemplary embodiment having a taper structure
in a side wall in a step providing groove 185 formed in the
passivation layer 180 of the insulator will be described with
reference to FIG. 11 to FIG. 13.

FIG. 11 corresponds to FIG. 2, and is the same as FIG. 2
except for a point where the side wall of the step providing
groove 185 has a taper structure (referring to “T”’) and is
inclined. As shown in the layout view, the taper structure is
indicated by T in (a) of FIG. 12. As shown in (a) of FIG. 12,
the tapered region is formed in the slanted side surface of the
step providing groove 185 corresponding to each edge of the
partial plate electrode. Also, in the layout view, the step pro-
viding groove 185 is a right triangle, and the side surface
corresponding to the oblique edge in the layout view has a
slanted taper structure.

Meanwhile, in the exemplary embodiment of FIG. 11, the
cross-shaped protrusion 182 formed in the passivation layer
180 of the insulator does not have the taper structure. How-
ever, according to an exemplary embodiment, as shown in (b)
of FIG. 12, the cross-shaped protrusion 182 may also have the
taper structure.

In (¢) of FIG. 12 as the drawing for testing the texture
generation and the transmittance of the pixel having the struc-
ture of FIG. 11 and (a) of FIG. 12, it may be confirmed that the
control force of the liquid crystal molecules is improved in the
side wall of the step providing groove 185 formed with the
taper structure such that the texture is decreased compared
with the other side walls of the step providing groove 185.

As shown in FIG. 11 and (a) of FIG. 12, to form the taper
structure at the side wall of the step providing groove 185, a
slit mask shown in FIG. 13 may be used for exposure and
developing.

In FIG. 13, a slit mask is positioned at the side wall where
the taper structure will be formed in the step providing groove
185, and the exposure process is executed such that the taper
structure is formed by the difference of the exposure amount.
Inthe slit mask used in the present exemplary embodiment of
the present invention, a bar blocking light and an opening part
transmitting light are repeated 2-4 times, and the width of the
bar and the opening part has a value of more than 0.8 to less
than 2 pm.

According to an exemplary embodiment of the present
invention, the tapered side wall may be formed without the
slit mask shown in FIG. 13. This is the because the side wall
does not have the completely vertical structure and the
tapered structure is formed when forming the pattern through
the general exposure/developing such that the step providing
groove 185 having the slightly tapered side wall may be
formed without the separate slit mask.

The case of using the slit mask as shown in FIG. 13 may be
applied when forming a larger taper angle than the general
etching.

On the other hand, FIG. 14 to FIG. 16 show an exemplary
embodiment in which a lower surface (a bottom surface) of

20

40

45

65

20

the step providing groove 185 formed in the passivation layer
180 of the insulator is slanted differently than as shown in
FIG. 11 to FIG. 13.

In FIG. 14 corresponding to FIG. 2, the lower surface (the
bottom surface) of the step providing groove 185 is com-
pletely inclined, while the lower surface and one side surface
are integrally formed with a predetermined slope. That is, in
the exemplary embodiment of FIG. 14, the tapered region is
wider than in the exemplary embodiment of FIG. 11 such that
the “B” is region of FIG. 14 has an overall tapered structure.

As shown in FIG. 14, to form the entire inclination struc-
ture on the lower surface, a mask such as the slit mask con-
trolling the exposure amount must be used, and the usable
mask is respectively shown in FIG. 15 and FIG. 16.

First, the mask of FIG. 15 as the slit mask is positioned
through the overall step of providing the groove 185 formed
in the passivation layer 180 of the insulator and then the
exposure is executed, and the slit mask includes the bar block-
ing the light and the opening part passing the light that are
repeated and has a structure in which the width of the opening
part is gradually increased. Here, the width of the bar has a
value of more than 0.8 to less than 2 pm, and the width of the
opening part is continuously increased from the width more
than 0.8 to less than 2 pm to a value of more than 0.2 to less
than 0.5 pm.

Ifthe step providing groove 185 is formed by using this slit
mask as shown in FIG. 15, the step providing groove 185 has
a structure in which the depth of the cross-section is uni-
formly changed.

On the other hand, a slit mask of FIG. 16 has a structure
including a group having the opening part of the same inter-
val, as opposed to that shown in FIG. 15, and a group al, a
group a2, a group a3, and a group a4 are shown in FIG. 16.
That is, the width of the bar in all groups has an equal value of
more than 0.8 to less than 2 um, although each group has a
different interval of the opening part. However, the interval of
group a2 is greater than group al, and the interval of the
opening part is increased to be closer to group a2, group a3,
and group a4.

When exposing by using the slit mask shown in FIG. 16, a
step providing groove 185 having a step-shaped like the
cross-section shown in FIG. 16 may be formed. The real
pattern has the rounded step shape compared with the cross-
section shown in FIG. 16, thereby is having the cross-sec-
tional structure in which the width is gradually changed.

The step providing groove 185 formed by using the slit
mask shown in FIG. 15 and FIG. 16 improves the control
force of the liquid crystal molecules as a result of the step in
the step providing groove 185, thereby reducing the genera-
tion of the texture. Also, the step providing groove 185 rein-
forces the control force of the liquid crystal molecules more
than any other exemplary embodiment, as shown in FIG. 44.
Although the liquid crystal layer or the alignment layer does
not include the pretilt providing polymer that is polymerized
by light such as ultraviolet rays, the liquid crystal molecules
may be sufficiently controlled and the texture may be pre-
vented.

The exemplary embodiment of the present invention that
does not include the pretilt providing polymer that is poly-
merized by light, such as ultraviolet rays, will be described
with reference to FIG. 17 to FIG. 19.

FIG. 17 is a layout view of a liquid crystal display accord-
ing to another exemplary embodiment of the present inven-
tion, and FIG. 18 is a cross-sectional view taken along the line
XVII-XVII of FIG. 17.

Referring to FIG. 17 and FIG. 18, the liquid crystal display
according to the present exemplary embodiment includes the
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lower panel 100 and the upper panel 200 facing each other, the
liquid crystal layer 3 interposed between the two display
panels 100 and 200, and a pair of polarizers (not shown)
attached at the outer surfaces of the display panels 100 and
200.

The lower panel 100 will now be described.

The gate line 121 and the storage voltage line 131 are
formed on an insulation substrate 110. The gate line 121
includes a first gate electrode 1244, a second gate electrode
124b, and a third gate electrode 124¢. The storage voltage line
131 includes storage electrodes 135a, 1355, and 135¢, and a
capacitor electrode 134 extending downward. The storage
voltage line 131 includes two first longitudinal storage elec-
trode parts 1354 extending upward, a transverse storage elec-
trode part 1355 connecting the two first longitudinal storage
electrode parts 1354, and two second longitudinal storage
electrode parts 135¢ further extending upward from the trans-
verse storage electrode part 1355.

The first longitudinal storage electrode part 1354 is formed
along a longitudinal edge of the first sub-pixel electrode 191/
formed thereon, and the second longitudinal storage elec-
trode part 135¢ is formed along the longitudinal edge of the
second sub-pixel electrode 191/ formed thereon. Meanwhile,
the transverse storage electrode part 1355 is positioned
between a transverse edge of the previous second sub-pixel
electrode 191/ and the transverse edge of the current first
sub-pixel electrode 1914, and is formed along the two trans-
verse edges.

As a result, the first longitudinal storage electrode part
135a and the transverse storage electrode part 1356 are
formed along the edge of the first sub-pixel electrode 191/,
thereby at least partially overlapping the first sub-pixel elec-
trode 191/, and the second longitudinal storage electrode part
135¢ and the transverse storage electrode part 13556 are
formed along the edge of the second sub-pixel electrode 191/,
thereby at least partially overlapping the second sub-pixel
electrode 19117

In FIG. 17, the overlying transverse storage electrode part
13556 and the underlying transverse storage electrode part
1354 appear to be separated from each other, but in actuality,
the transverse storage electrode parts 1355 of the pixels PX
that are adjacent up and down are electrically connected to
each other.

The gate insulating layer 140 is formed on the gate line 121
and the storage voltage line 131. The first semiconductor
154a, the second semiconductor 1545, and the third is semi-
conductor 154¢ are formed on the gate insulating layer 140.

The plurality of ohmic contacts (not shown) are formed on
the first semiconductor 154a, the second semiconductor
1545, and the third semiconductor 154c¢.

Data conductors 171, 173¢, 175a, 175b, and 175¢ includ-
ing a plurality of data lines 171 which include the first source
electrode 173a and the second source electrode 1735, the first
drain electrode 1754, the second drain electrode 1755, the
third source electrode 173¢, and the third drain electrode
175¢, are formed on the semiconductor (the first semiconduc-
tor 1544, the second semiconductor 1545, and the third semi-
conductor 154¢), the ohmic contacts (not shown), and the gate
insulating layer 140.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 1754 form a first thin film
transistor Qa together with the first semiconductor 154a, and
a channel of the first thin film transistor Qa is formed in the
semiconductor portion 154a between the first source elec-
trode 173a and the first drain electrode 175a. Similarly, the
second gate electrode 1245, the second source electrode
1735, and the second drain electrode 1755 form a second thin
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film transistor Qb together with the second semiconductor
15454, a channel of the second thin film transistor Qb is formed
in the semiconductor portion 1545 between the second source
electrode 17354 and the second drain electrode 1755, the third
gate electrode 124c¢, the third source electrode 173¢, and the
third drain electrode 175¢ form a third thin film transistor Qc
together with the third semiconductor 154¢, and a channel of
the third thin film transistor Qc is formed in the semiconduc-
tor portion 154¢ between the third source electrode 173¢ and
the third drain electrode 175c¢.

The passivation layer 180 is formed on the gate insulating
layer 140, the data conductors 171, 173¢, 175a, 1755, and
175¢, and the exposed portion of the semiconductors 1544,
1545, and 154¢. The passivation layer 180 may be formed of
an insulator such as silicon nitride and silicon oxide, or an
insulator, and in the exemplary embodiment of FIG. 17, the
organic insulating layer including the insulator is described.

The step provider providing the step to the overlying layer
is formed in the passivation layer 180 of the insulator, and in
FIG. 17, the step providing grooves 185/ and 185/ and the
protrusion 182 of the cross type positioned between the step
providing grooves 185/ and 185/ are the step provider. As
shown in FIG. 17, the step providing grooves 185/ and 185/
have a quadrangle structure having two edges crossing per-
pendicularly and are symmetrical to each other in the diago-
nal direction. As a result, the passivation layer 180 includes
the cross-shaped protrusion 182.

Also, referring to FIG. 18, the lower surface of the step
providing grooves 185/ and 185/ are entirely inclined, while
forming the predetermined slope by the lower surface and one
side surface that are integral. As described above, the lower
surface of the step providing grooves 185/ and 185/ has a
slope such that the alignment direction of the liquid crystal
molecules is controlled, thereby reducing the generation of
the texture.

The passivation layer 180 includes the first contact hole
184a, the second contact hole 18454, and the third contact hole
184c¢ respectively exposing the first drain electrode 175a, the
second drain electrode 1755, and the third drain electrode
175¢. The passivation layer 180 includes the opening 189
collecting the gas emitted from the color filter 230. According
to FIG. 17, one pixel may include a pair of openings 189.

The pixel electrode 191, including the first sub-pixel elec-
trode 191/ and the second sub-pixel electrode 191/, is formed
on the passivation layer 180. The first sub-pixel electrode
191/ and the second sub-pixel electrode 191/ respectively
include partial plate is electrodes 192/ and 192/ positioned at
a center thereof and a plurality of minute branch electrodes
193/ and 193/ protruding from the partial plate electrode
192/ and 192/ in an oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to a wide end portion of the first drain electrode 175a
by the first minute branch connection 194/ extending outside
the square region.

The first partial plate electrode 192/ has an equilateral
octagonal shape, the center thereof is positioned at the center
of the square region, and four vertices of the equilateral
octagonal shape meet the boundary of the square region. The
first partial plate electrode 192/ covers the first step providing
groove 185/ of the passivation layer 180 and the first cross-
shaped protrusion 182/4. As a result, the first partial plate
electrode 192/ has the step provided by the first step provid-
ing groove 185/ of the passivation layer 180 and the first
cross-shaped protrusion 182/%. Here, referring to FIG. 18, the
first cross-shaped protrusion 182/ provides a pretilt to the
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liquid crystal molecules at the center of the square region,
thereby controlling an arrangement direction of the liquid
crystal molecules, and as a result, texture is reduced.

A plurality of first minute branch electrodes 193/ are
extended in eight edges of the oblique direction of the first
partial plate electrode 192/. A plurality of first minute branch
electrodes 193/ fill the rest of the square region, form an angle
ot'45 degrees with respect to the gate line 121 or the data line
171, and form an angle of 90 degrees with respect to the edge
of the oblique direction of the first partial plate electrode
192/.

In the exemplary embodiment of FIG. 17, the first sub-
pixel electrode 191/ includes the first minute branch connec-
tion 194/ connecting the first partial plate electrode 192/ and
the ends of a plurality of first minute branch electrodes 193/
in a longitudinal direction or a horizontal direction. The first
minute branch connection 194/ overlaps the first sub-pixel
electrode 191/ and the underlying storage electrodes 135a
and 1355, thereby forming a storage capacitance. However,
according to an exemplary embodiment, the first connection
194/ may be omitted, and in this case, a plurality of first
minute branch electrodes 193/ protrude to the outside.

The second sub-pixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
branch electrodes 193/ formed in the rectangle region having
a longitudinal edge, and is connected to the wide end portion
of the second drain electrode 175/ by the second connection
197/ extending outside the rectangle region.

The center of the second partial plate electrode 192/ is
positioned at the center of the rectangle region and has an
octagonal shape connecting the center of each edge of the
rectangle region. As a result, four vertices of the octagon meet
the boundary of the rectangle region. The second partial plate
electrode 192/ covers the second step providing groove 185/
of the passivation layer 180 and the second cross-shaped
protrusion 182/. As a result, the second partial plate electrode
192/ has the step provided by the second step providing
groove 185/ of the passivation layer 180 and the second
cross-shaped protrusion 182/. (referring to FIG. 18)

A plurality of second minute branch electrodes 193/ extend
from eight edges of the oblique direction of the second partial
plate electrode 192/. A plurality of second minute branch
electrodes 193/ fill the rest of the rectangle region, form an
angle of 45 degrees with respect to the gate line 121 or the data
line 171, and form an angle of 90£15 degrees with respect to
the edge of the oblique direction of the second partial plate
electrode 192/,

In the exemplary embodiment of FIG. 17, the second sub-
pixel electrode 191/ is includes the second minute branch
connection 194/ connecting the second partial plate electrode
192/ and the ends of a plurality of second minute branch
electrodes 193/ in a longitudinal direction or a horizontal
direction. The second minute branch connection 194/ over-
laps the second sub-pixel electrode 191/ and the underlying
storage electrodes 1356 and 135¢, thereby forming a storage
capacitance. However, according to an exemplary embodi-
ment, the second minute branch connection 194/ may be
omitted, and in this case, a plurality of second minute branch
electrodes 193/ protrude to the outside.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ are physically and electrically connected to the
first drain electrode 1754 and the second drain electrode 1755
through the contact holes 184a and 1845, thereby receiving
data voltages from the first drain electrode 1754 and the
second drain electrode 1755b. At this time, the portion of the
data voltage applied to the second drain electrode 1755 is
divided through the third source electrode 173¢, such that a
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magnitude of the voltage applied to the second sub-pixel
electrode 191/ is less than the magnitude of the voltage
applied to the first sub-pixel electrode 191%. Here, an area of
the second sub-pixel electrode 191/ may be approximately
one to two times less than that of the first sub-pixel electrode
191%.

The storage electrode connecting member 139 connects
the capacitor electrode 134 of the storage voltage line 131 and
the third drain electrode 175¢ through the contact hole 184c¢.
A storage voltage Vst is applied to the capacitor electrode
134 of the storage voltage line 131 to have a predetermined
voltage, and thereby apply the storage voltage Vest to the
third thin film transistor Qc through the third drain electrode
175¢. As a result, the voltage applied to the second sub-pixel
may be decreased.

The cover 199 covering the opening 189 of the passivation
layer 180 is formed on is the opening 189. According to FIG.
17, one pixel may include a pair of covers 199. The pixel
electrode 191 and the cover 199 may be made of the trans-
parent conductive material such as ITO or IZO. According to
an exemplary embodiment of the present invention, the open-
ing 189 and the cover 199 may be omitted.

The lower alignment layer (not shown) is formed on the
pixel electrodes 191. The lower alignment layer may be a
vertical alignment layer. The lower alignment layer does not
include the photo-reactive material shown in FIG. 44. This is
because the exemplary embodiment of FIG. 17 has sufficient
control force of the liquid crystal molecules.

The common electrode panel 200 will now be described.
Theupper panel 200 of FIG. 17 and FIG. 18 includes the color
filter 230.

The light blocking member 220 is formed on an insulation
substrate 210. The light blocking member 220 is referred to as
black matrix, and prevents light leakage. The light blocking
member 220 extends along the gate line 121, covers a region
where the first thin film transistor (Qh), the second thin film
transistor (Ql), and the third thin film transistor (Qc) are
positioned, extends along the data line 171, and covers the
surroundings of the data line 171. The region that is not
covered by the light blocking member 220 emits light to the
outside, thereby displaying the images.

The color filter 230 is formed under the light blocking
member 220. The color filter 230 may display one of three
primary colors such as red, green, and blue, but it is not
limited to display of the three primary colors and may display
one of cyan, magenta, yellow, and white-based colors.

A planarization layer 250 providing a planar lower surface
and made of the organic material may be formed under the
color filter 230.

A common electrode 270 made of the transparent conduc-
tive material may be formed under the planarization layer
250.

The upper alignment layer (not shown) is formed under the
common electrode 270. The upper alignment layer may be a
vertical alignment layer. The upper alignment layer does not
include the photo-reactive material shown in FIG. 44. This is
because the exemplary embodiment of FIG. 17 has sufficient
control force of the liquid crystal molecules.

Polarizers (not shown) are formed on the outer surface of
the display panels 100 and 200, the polarization axis of the
two polarizers are crossed, and one polarization axis thereof
may be parallel to the gate lines 121. The polarizer may be
disposed on one outer surface among the two display panels
100 and 200.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/to which the data voltage is applied generate an
electric field in conjunction with the common electrode 270
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of'the common electrode panel 200 such that the liquid crystal
molecules of the liquid crystal layer 3 that are aligned vertical
to the surface of the two electrodes 191 and 270 in the absence
of an electric field are slanted in the direction parallel to the
surface of the two electrodes 191 and 270, and thereby the
luminance of the light transmitted through the liquid crystal
layer 3 differs depending on the slant degree of the liquid
crystal molecules.

The liquid crystal display may further include a spacer to
maintain a cell interval between the two display panels 100
and 200, and the spacer may be attached to the upper panel
200 or the lower panel 100.

The liquid crystal layer 3 disposed between the lower panel
100 and the upper panel 200 includes the liquid crystal mol-
ecules 31 having negative dielectric anisotropy. The liquid
crystal layer 3 does not include the photo-reactive material
shown in FIG. 44. This is is because the exemplary embodi-
ment of FIG. 17 has sufficient control force of the liquid
crystal molecules.

As described above, in the exemplary embodiment of FIG.
17 and FIG. 18, the step provider is formed in the passivation
layer 180 of the insulator and made of the cross-type protru-
sions 182/ and 182/ positioned between the step providing
grooves 185/ and 185/. The partial plate electrodes 192/ and
192/ have an octagonal shape.

The lower surface of the step providing grooves 185/ and
185/ is totally inclined, while forming the predetermined
slope by the lower surface and one integral side surface. As
described above, the lower surface of the step providing
grooves 185/ and 185/ is inclined such that the alignment
direction of the liquid crystal molecules is controlled, thereby
providing the pretilt. The step providing grooves 185/ and
185/ of FIG. 17 are formed at a wider region than another
exemplary embodiment such that the region providing the
pretilt to the liquid crystal molecule is widened. As a result,
the liquid crystal molecules are not misaligned, and the tex-
ture is not generated. Because the texture is not generated in
the embodiment of FIG. 17, the photo-reactive material
shown in FIG. 44 may not be included.

Next, a characteristic of the exemplary embodiment of
FIG. 17 and FIG. 18 will be described focusing on an experi-
mental result for the exemplary embodiment of FIG. 17 and
FIG. 18.

FIG. 19 is a view showing an experimental result using the
exemplary embodiment of FIG. 17 and FIG. 18.

First, (a) of FIG. 19 is an experimental result of the exem-
plary embodiment in which the partial plate electrode has a
rhombus structure, the step providing groove has a lower
surface that is entirely inclined, and the photo-reactive mate-
rial is not inclined in the liquid is crystal layer or the align-
ment layer. As shown in (a) of F1IG. 19, the texture is generated
in the portion of the minute branch electrode. This is because
the photo-reactive material does not exist on the minute
branch electrode such that the liquid crystal molecules do not
have the pretilt.

(b) of FIG. 19 is an experimental result using the exemplary
embodiment of FIG. 17 and FIG. 18. The partial plate elec-
trode has an octagonal structure such that the region forming
the minute branch electrodes is reduced, and as a result,
although the photo-reactive material does not exist, the liquid
crystal molecules are controlled with the pretilt provided by
the inclined lower surface in the step providing groove such
that the texture may not be generated.

In FIG. 19, (¢) clearly shows the direction of the pretilt
provided from the lower surface of the step providing groove
and the pretilt provided to the liquid crystal molecules as a
result of the cross-shaped protrusion. That is, in the cross-
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sectional view of (c) of FIG. 19, the liquid crystal molecule
has the pretilt according to the slope of the lower surface of
the step providing groove, and in the plane view of (¢) of FIG.
19, the pretilt direction of the liquid crystal molecules is
shown through arrows 1, 2, and 3. In the plane view of (¢) of
FIG. 19, the arrow 1 indicates the pretilt direction generated
by the inclined slope in the side wall portion of the step
providing groove. In the plane view of (¢) of FIG. 19, the
arrow 2 indicates the pretilt direction generated by the
inclined slope in the lower surface of the step providing
groove. In the plane view of (¢) of FIG. 19, the arrow 3
indicates the pretilt direction generated by the cross-type
protrusion.

As described above, in the exemplary embodiment of FIG.
17 and FIG. 18, although the photo-reactive material is not
formed in the liquid crystal layer or the alignment layer, the
alignment direction of the liquid crystal molecules may be
sufficiently controlled in three large pretilt directions such
that the texture is not generated.

Next, various structures of the pixel electrode will be
described with reference to FIG. 20 to FIG. 24.

FIG. 20 to FIG. 24 are enlarged views of a pixel electrode
of a liquid crystal display according to another exemplary
embodiment of the present invention.

Firstly, FIG. 20 shows a structure of the pixel electrode
including an “X” shaped partial plate electrode and an experi-
mental result of transmittance. FIG. 20 shows the structure
corresponding to the first sub-pixel electrode of FIG. 1.

The pixel electrode according to the exemplary embodi-
ment of FIG. 20 includes an “X” shaped partial plate elec-
trode 192 and the minute branch electrodes 193 extended
therefrom.

In the “X” shaped partial plate electrode 192, a transverse
extension and a longitudinal extension traversing the pixel
area in the longitudinal direction and the transverse direction
are formed.

The “x” shaped partial plate electrode 192 has four por-
tions forming the X shape, and each portion has a structure in
which the width is gradually decreased from the center of the
pixel electrode to the outer part.

Each portion has a triangular shape having the center of the
pixel, one corner of the pixel, and the position on the center of
the pixel and the transverse extension as the vertices.

Inthe “X” shaped partial plate electrode 192, the transverse
extension, the longitudinal extension, and minute branch
electrodes 193 are extended and formed in the rest of the
portion of the pixel area, and are arranged parallel to the edge
of the adjacent portion.

In the exemplary embodiment of FIG. 20, a minute branch
connection enclosing the outer part of the pixel area is further
included. The minute branch connection is formed at is four
edges of the pixel area. However, according to an exemplary
embodiment, it may be formed at at least one edge or may not
be formed at all.

The pixel according to the exemplary embodiment of FIG.
20 includes a step provider H. FIG. 20 schematically shows
the step provider H providing the step to the corresponding
region as one of the above-described drawings.

Referring to the transmittance of the exemplary embodi-
ment of FIG. 20, the texture is partially generated according
to the edge of the “X” shaped partial plate electrode 192 such
that it may be confirmed that the texture of the “X” shape is
generated.

FIG. 21 shows an exemplary embodiment having the par-
tial plate electrode having two rectangle structures in one
pixel area. F1G. 21 shows a structure corresponding to the first
sub-pixel electrode of FIG. 1.
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The pixel electrode of the exemplary embodiment of FIG.
21 includes the partial plate electrode 192 having two rect-
angle structures and the minute branch electrodes 193 extend-
ing therefrom.

The pixel electrode includes the transverse extension and
the longitudinal extension crossing the pixel area, and the
transverse extension crossing the partial plate electrode of
two rectangle structures.

The partial plate electrode 192 has two rectangle struc-
tures, and one rectangle structure is formed parallel to the
longitudinal extension.

In the partial plate electrode 192, the transverse extension,
the longitudinal extension, and the minute branch electrodes
193 extend and are formed in the rest of the pixel area, while
forming an angle of, for example, 45 degrees with respect to
one edge of the partial plate electrode.

The exemplary embodiment of FIG. 21 further includes the
minute branch connection enclosing the outer part of the pixel
area. The minute branch connection is formed at four edges of
the pixel area. However, according to an exemplary embodi-
ment, it may be formed at at least one edge or may not be
formed at all.

The pixel according to the exemplary embodiment of FIG.
21 includes the step provider H. FIG. 21 schematically shows
the step provider H providing the step to the corresponding
region as one of the above-described drawings.

Referring to the transmittance of the exemplary embodi-
ment of FIG. 21, the texture is weakly generated according to
the edge of the partial plate electrode 192 of the rectangle.

FIG. 22 shows the structure of the pixel electrode accord-
ing to an exemplary embodiment of the present invention.

In FIG. 22, (a) and (b) show the structure corresponding to
the second sub-pixel electrode of FIG. 1, and (c¢) of FIG. 22
shows the structure corresponding to the first sub-pixel elec-
trode of FIG. 1.

Referring to (a) and (b) of FIG., (a) of FIG. 22 shows a case
of forming one partial plate electrode 192/ in the region of the
second sub-pixel electrode, and (b) of FIG. 22 shows the
structure in which two partial plate electrodes 192/ are con-
nected up and down in the region of the second sub-pixel
electrode. Particularly, the second sub-pixel electrode is
formed in the rectangle region, and when bisecting the rect-
angle region up and down, each region is a square region. In
each square region, one partial plate electrode having a rhom-
bus structure is formed.

In other regions, the longitudinal extension (referring to (a)
of FIG. 22) or the is transverse extension (not shown) may be
formed, and the minute branch electrodes are formed in the
rest of the region.

Referring to (a) of FIG. 22, the partial plate electrode 192/
contacts at least one position of the side surfaces of the second
sub-pixel electrode, and two positions in (a) of FIG. 22.

In (¢) of FIG. 22, the partial plate electrode 192/ has a
circular structure. FIG. 22 shows only the structure corre-
sponding to the first sub-pixel electrode, however, according
to an exemplary embodiment, the partial plate electrode may
be formed in the second sub-pixel electrode thereby having an
oval structure, like (b) of FIG. 22, where the partial plate
electrode of two circuital structures may be formed. The
minute branch electrodes may be formed outside of the partial
plate electrode 192/ of the circular structure.

Referring to (¢) of FIG. 22 and the structure of the previous
partial plate electrodes, the partial plate electrode according
to an exemplary embodiment of the present invention may
have a polygon shape such as a quadrangular shape of a
rhombus, an octagonal shape, or a circular shape.
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FIG. 23 and FIG. 24 show the pixel electrode structure
according to an exemplary embodiment of the present inven-
tion, and the structure of the pixel electrode shown in FIG. 23
and FIG. 24 further improves the lateral visibility.

That is, the partial plate electrodes 192/ and 192/ shown in
FIG. 23 have a structure in which the width in the horizontal
direction is greater than the width in the vertical direction. In
this case, a head direction of the liquid crystal molecules is
slanted to the side, and as a result, the lateral visibility is
improved in the direction of viewing of the head direction of
the corresponding liquid crystal molecules. That is, in another
exemplary embodiment, the is liquid crystal molecules are
arranged in the direction of a 45 angle, however, in the exem-
plary embodiment of FIG. 23, the liquid crystal molecules are
arranged at a smaller angle such that the viewing angle char-
acteristic is improved in the side. Referring to FIG. 24, in the
partial plate electrode structure having the large width of the
horizontal direction like FIG. 23, the alignment direction of
the liquid crystal molecules is shown to be arranged at an
angle of less than 45 degrees. This is in reference to the region
indicated by a dotted line of FIG. 24.

The above-described exemplary embodiment of the
present invention is applied to various pixel structures, and
representative examples applied with each pixel structure will
be described with reference to FIG. 25 to FIG. 32.

First, referring to FI1G. 25 and FIG. 26, a structure in which
two sub-pixels are coupled by the storage capacitor Cas after
receiving the data voltage from one transistor Q will be
described.

FIG. 25 is an equivalent circuit diagram of one pixel of a
liquid crystal display according to another exemplary
embodiment of the present invention, and FIG. 26 is a layout
view of a lower panel of a liquid crystal display according to
another exemplary embodiment of the present invention.

The liquid crystal display according to an exemplary
embodiment of the present invention includes signal lines
including a plurality of gate lines GL, a plurality of data lines
DL, and a plurality of storage voltage lines SL and a plurality
of'pixels PX connected thereto. Each pixel PX includes a pair
of'a first sub-pixel PXa and a second sub-pixel PXb, wherein
the first sub-pixel PXa includes the first sub-pixel electrode
(191/: of FIG. 26), and the second sub-pixel PXb includes the
second sub-pixel electrode (191/ of FIG. 26).

The liquid crystal display according to an exemplary
embodiment of the present is invention further includes the
switching element Q connected to the gate line GL and the
dataline DL, the first liquid crystal capacitor Clca and the first
storage capacitor Csta that are connected to the switching
element Q and formed in the first sub-pixel PXa, the second
liquid crystal capacitor Clcb and the second storage capacitor
Cstb that are connected to the switching element Q and
formed in the second sub-pixel PXb, and an assistance
capacitor Cas formed between the switching element Q and
the second liquid crystal capacitor Clcb.

The switching element Q is a three-terminal element, such
as a thin film transistor, disposed at the lower panel 100. The
switching element Q includes a control terminal connected to
a gate line (GL), an input terminal connected to a data line
(DL), and an output terminal connected to the first liquid
crystal capacitor Clca, the storage capacitor Csta, and the
assistance capacitor Cas.

One terminal of the assistance capacitor Cas is connected
to the output terminal of the switching element Q, and the
other terminal is connected to the second liquid crystal
capacitor Clcb and the second storage capacitor Cstb.

The charging voltage of the second liquid crystal capacitor
Clcb is lower than the charging voltage of the first liquid
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crystal capacitor Clca by the assistance capacitor Cas such
that the lateral visibility of the liquid crystal display may be
improved.

In the structure of the liquid crystal display according to an
exemplary embodiment of the present invention, as shown in
FIG. 26, a plurality of gate conductors including a plurality of
gate lines 121 and a plurality of storage voltage lines 131 are
formed on the insulation substrate (not shown) made of trans-
parent glass or plastic.

The gate line 121 transmits gate signals and extends in a
substantially horizontal direction. Each gate line 121 includes
a plurality of gate electrodes 124 protruding upward.

The storage electrode line 131 receives a predetermined
voltage, and may extend parallel to the gate line 121. Each
storage voltage line 131 is positioned between two adjacent
gate lines 121. The storage voltage line 131 includes the
storage electrodes 1354 and 1356 extending downward.
However, the shape and the arrangement of the storage volt-
age lines 131 and the storage electrodes 135a and 13556 may
be variously changed.

The gate insulating layer (not shown) is formed on the gate
conductors 121 and 131. A semiconductor island 154 is
formed on the gate insulating layer. The semiconductor island
154 is positioned on the gate electrode 124.

The data conductor including a plurality of data lines 171
and drain electrodes 175 is formed on the semiconductor 154
and the gate insulating layer.

The data lines 171 transmit the data signals and extend in
the vertical direction thereby intersecting the gate lines 121
and the storage voltage lines 131. Each data line 171 includes
a source electrode 173 which extends toward the gate elec-
trode 124.

The drain electrode 175 is separated from the data line 171
and includes a bar-shaped end facing the source electrode 173
with respect to the gate electrode 124. The bar-shaped end is
partially surrounded by the source electrode 173 which is
curved.

The other end of the drain electrode 175 substantially
extends parallel to the data line 171 thereby being formed
through the first sub-pixel PXa and the second sub-pixel PXb,
and the portion formed in the second sub-pixel PXb is
referred to as an auxiliary electrode 176.

The passivation layer (not shown) is formed on the data
conductors 171 and 175 and the semiconductor 154. The
passivation layer may be made of an insulator and has a flat
surface. The step provider providing the step to the overlying
layer is formed in the passivation layer of the insulator, and in
FIG. 26, the step providing grooves 185/ and 185/ and the
cross-shaped protrusions 182/ and 182/ positioned between
the step providing grooves 185/ and 185/ are the step pro-
vider. As shown in FIG. 26, the step providing grooves 185/
and 185/ have a right triangle structure and are symmetrical to
each other in a diagonal direction. As a result, the passivation
layer 180 includes the cross-shaped protrusions 182/ and
182/.

The color filter may be formed under the passivation layer.

A plurality of pixel electrodes 191 are formed on the pas-
sivation layer. Each pixel electrode 191 includes the first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ formed at predetermined intervals.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ respectively include partial plate electrodes
192/ and 192/ positioned at a center thereof, and a plurality of
minute branch electrodes 193/ and 193/ protruding from the
partial plate electrodes 192/ and 192/ in an oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
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electrodes 193/, and is connected to the wide end of the drain
electrode 175 outside the square region.

The first partial plate electrode 192/ has a rhombus shape,
and each vertex of the rhombus meets the boundary of the
square region. The first partial plate electrode 192/ covers the
first step providing groove 185/ and the first cross-shaped
protrusion 182/ of the passivation layer. As a result, the first
partial plate electrode 192/ has the step provided by the first
step providing groove 185% of the passivation layer 180 and
the first cross-shaped protrusion 182/. Here, the first cross-
shaped protrusion 182/ provides the pretilt to the liquid crys-
tal molecules positioned at the center of the square region,
thereby having a function of controlling an arrangement
direction of the liquid crystal molecules, and as a result,
texture is reduced. A is plurality of first minute branch elec-
trodes 193/ extend in the edge of the oblique direction of the
first partial plate electrodes 1924. A plurality of first minute
branch electrodes 193/ form an angle of 45 degrees with
respect to the gate line 121 or the data line 171, and form an
angle of 90 degrees with respect to the edge of the oblique
direction of the first partial plate electrode 192/.

The second sub-pixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
branch electrodes 193/, and overlaps the auxiliary electrode
176 thereby forming the assistance capacitor Cas.

The second partial plate electrode 192/ has a rhombus
shape connecting each edge of the rectangle region. As a
result, each of the vertices of the rhombus meets the boundary
of the rectangle region. The second partial plate electrode
192/ covers the second step providing groove 185/ of the
passivation layer and the second cross-type protrusion 182/.
As aresult, the second partial plate electrode 192/ has the step
provided by the second step providing groove 185/ of the
passivation layer and the second cross-type protrusion 182/.
A plurality of second minute branch electrodes 193/ extend
from the edge of the oblique direction of the second partial
plate electrode 192/. A plurality of second minute branch
electrodes 193/ fill the rest of the region of the rectangle
region, form an angle of 45 degrees with respect to the gate
line 121 or the data line 171, and form an angle of 9015
degrees with respect to the edge of the oblique direction of the
second partial plate electrode 192/.

The first and second sub-pixel electrodes 191/ and 191/
form the first and second liquid crystal capacitors along with
the common electrode of the upper panel and the liquid crys-
tal layer therebetween to maintain the applied voltage after
the thin film transistor (Q of FIG. 25) is turned off.

The first and second sub-pixel electrodes 191/ and 191/
overlap the storage is electrodes 1354 and 1355 to form the
first and second storage capacitors Csta and Cstb, thereby
reinforcing the voltage storage capacity of the first and second
liquid crystal capacitors Clca and Clcb.

In the first exemplary embodiment, the auxiliary electrode
176 extends from the drain electrode 175, but the present
invention is not limited thereto, and the auxiliary electrode
176 may be separated from the drain electrode 175. At this
time, the passivation layer includes a contact hole formed on
the first sub-pixel electrode 1914, and the auxiliary electrode
176 may be connected to the first sub-pixel electrode 191/
through the contact hole and may overlap the second sub-
pixel electrode 191/.

Hereinafter, referring to FIG. 27 and FIG. 28, after two
sub-pixels respectively receive the same data voltage from the
transistors Qa and Qb, the charge of the second sub-pixel
electrode (191/ of FIG. 28) flows to the assistance capacitor
Cas of'the third switching element Qc such that the voltage of
the second liquid crystal capacitor Clcb is decreased.
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The liquid crystal display according to an exemplary
embodiment of the present invention will be described with
reference to FIG. 27 and FIG. 28.

FIG. 27 is an equivalent circuit diagram of one pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention, and FIG. 28 is a layout view of a
lower panel of a liquid crystal display according to an exem-
plary embodiment of the present invention.

The liquid crystal display according to an exemplary
embodiment of the present invention includes the signal lines
including a plurality of gate lines GLn and GLn+1, a plurality
of data lines DL, and a plurality of storage voltage lines SL,
with a plurality of pixels PX connected thereto. Each pixel PX
includes a pair of the first and second sub-pixels PXa and
PXb, and the first sub-pixel PXa includes the first sub-pixel
electrode (191/ of FIG. 28) while the second sub-pixel PXb
includes the second sub-pixel electrode (191/ FIG. 28).

The liquid crystal display according to an exemplary
embodiment of the present invention further includes the first
switching element Qa and the second switching element Qb
connected to the gate line GLn and the data line DL, the first
liquid crystal capacitor Clca and the first storage capacitor
Csta connected to the first switching element Qa and formed
in the first sub-pixel PXa, the second liquid crystal capacitor
Clcb and the second storage capacitor Cstb connected to the
second switching element Qb and formed in the second sub-
pixel PXb, the third switching element Qc connected to the
second switching element Qb and switched by the gate line
GLn+1 of the next stage, and the assistance capacitor Cas
connected to the third switching element Qc.

The first and second switching elements Qa and Qb, as
three-terminal elements such as a thin film transistor, etc., and
provided on a lower display panel 100, include control termi-
nals thereof connected to the gate line GLn, input terminals
thereof connected to the data line DL, and output terminals
thereof connected to the first liquid crystal capacitor Clca and
the first storage capacitor Csta, and the second liquid crystal
capacitor Clcb and the second storage capacitor Cstb, respec-
tively.

The third switching element Qc, which is also a 3-terminal
element such as a thin film transistor and the like provided on
the lower display panel 100, includes a control terminal con-
nected to the subsequent gate line GLn+1, an input terminal
connected to the second liquid crystal capacitor Clcb, and an
output terminal connected to the auxiliary capacitor Cas.

One terminal of the auxiliary capacitor Cas is connected to
the output terminal of the third switching element Qc and the
other terminal is connected to the storage electrode line SL.

Hereinafter, an operation of the liquid crystal display
according to the exemplary embodiment of the present inven-
tion will be described. When the gate-on voltage is applied to
the gate line GLn, the first and second switching elements Qa
and Qb that are connected thereto are turned on and the data
voltage of the data line 171 is applied to the first and second
sub-pixel electrodes (191/ and 191/ of FIG. 28).

Subsequently, when a gate-off voltage is applied to the gate
line GLn and the gate-on voltage is applied to the subsequent
gate line GLn+1, the first and second switching elements Qa
and Qb are turned off and the third switching element Qc is
turned on. As a result, electrical charges of the second sub-
pixel electrode (191/ of FIG. 28) connected to the output
terminal of the second switching element Qb flow into the
auxiliary capacitor Cas to reduce the voltage of the second
liquid crystal capacitor Clcb.
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As described above, the charged voltages of the first and
second liquid crystal capacitors Clca and Clcb are different
from each other to improve the lateral visibility of the liquid
crystal display.

Inthe structure of the liquid crystal display according to the
second exemplary embodiment of the present invention, a
plurality of gate conductors including a plurality of first gate
lines 121, a plurality of second gate lines 123, and a plurality
of storage electrodes lines 131 are formed on an insulation
substrate (not shown) which is made of transparent glass or
plastic, as shown in FIG. 28.

The first gate line 121 and the second gate line 123 extend
primarily in the transverse direction and transfer the gate
signal. The first gate line 121 includes the first gate electrode
124a and the second gate electrode 1245 that protrude
upwards. The second gate line 123 includes the third gate
electrode 124c¢ that protrudes upwards. The first gate elec-
trode 1244 and the second gate electrode 1245 are connected
to each other to form one protrusion.

The storage electrode line 131 extends primarily in the
transverse direction and transfers the predetermined voltage,
such as the common voltage, or the like. The storage electrode
line 131 includes storage electrodes 1354 and 1355 that
extend up and down. In this case, the shapes and layouts of the
storage electrode line 131 and the storage electrodes 137a and
1375 may be variously changed.

A gate insulating layer (not shown) is formed on the gate
conductors 121, 123, and 131.

A plurality of semiconductor islands 154 are formed on the
gate insulating layer 140. The semiconductor islands 154
include a first semiconductor 154a disposed on the first gate
electrode 124a, a semiconductor 1545 disposed on the second
gate electrode 1245, and a third semiconductor 154¢ disposed
onthe third gate electrode 124¢. The first semiconductor 154a
and the second semiconductor 1545 may be connected to
each other.

A data conductor including a plurality of data lines 171, a
first drain electrode 1754, a second drain electrode 1755, a
third source electrode 173¢, and a third drain electrode 175¢
is formed on the semiconductor 154 and the gate insulating
layer 140.

The data lines 171 transfer the data signals and extend
primarily in the longitudinal direction, thereby crossing the
first gate line 121 and the second gate line 123. Each data line
171 includes the first source electrode 173a and the second
source electrode 1734 that extend toward the first gate elec-
trode 124a and the second gate electrode 1245. The first
source electrode 1734 and the second source electrode 1735
are connected to each other.

Each of the first drain electrode 1754, the second drain
electrode 1755, and the is third drain electrode 175¢ includes
one wide end portion and the other rod-shaped end portion.
The rod-shaped end portions of the first drain electrode 1754
and the second drain electrode 1755 are partially surrounded
by the first source electrode 173a and the second source
electrode 1735, respectively. The third drain electrode 175c¢ is
also partially surrounded by the third source electrode 173c¢.
The wide one end portion of the second drain electrode 1755
is connected to the third source electrode 173¢. A wide end
portion 177¢ of the third drain electrode 175c¢ is partially
overlapped with an extension portion 137a of the storage
electrode line 131 to form an auxiliary capacitor Cas.

The first/second/third gate electrode 124a/1245/124¢, the
first/second/third source electrode 173a/1735/173¢, and the
first/second/third drain electrode 175a4/175b/175¢ form one
first/second/third thin film transistor (TFT) (Qa/Qb/Qc of
FIG. 4) together with the first/second/third semiconductor
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154a/154b/154¢. The channel of the thin film transistor is
formed in each semiconductor 154a/154b/154¢ between each
source electrode 173a/1736/173¢ and each drain electrode
175a/175b/175c¢.

The passivation layer (not shown) is formed on the data
conductors 171, 1754, 17556, and 175¢ and exposed portions
of'the semiconductors 154a, 1545, and 154¢. The passivation
layer is made of the insulator and has a flat surface. The step
provider providing the step to the overlying layer is formed in
the passivation layer of the insulator, and in FIG. 26, the step
providing grooves 185/ and 185/ and the cross-shaped pro-
trusions 182/ and 182/ positioned between the step providing
grooves 185/ and 185/ are the step provider. As shown in FIG.
28, the step providing grooves 185/ and 185/ have a right
triangle structure and are symmetrical to each other in a
diagonal direction. As a result, the passivation layer includes
the cross-shaped protrusions 182/ and 182/. The passivation
layer includes a plurality of contact holes 1844 and 1845
respectively exposing the wide ends of the first drain elec-
trode 175a and the second drain electrode 1755.

The color filter may be formed under the passivation layer.

A plurality of pixel electrodes 191 are formed on the pas-
sivation layer. Each pixel electrode 191 includes the first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ formed at predetermined intervals.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ respectively include partial plate electrodes
192/ and 192/ positioned at a center thereof, and a plurality of
minute branch electrodes 193/ and 193/ protruding from the
partial plate electrode 192/ and 192/ in an oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/, and is connected to the wide end of the drain
electrode 175a outside the region where the first sub-pixel
electrode 191/ is formed.

The first partial plate electrode 192/ has a rhombus shape,
and each vertex of the rhombus meets the boundary of the
square region. The first partial plate electrode 192/ covers the
first step providing groove 185/ and the first cross-shaped
protrusion 182/ of the passivation layer. As a result, the first
partial plate electrode 192/ has the step provided by the first
step providing groove 185/ of the passivation layer 180 and
the first cross-shaped protrusion 182/. Here, the first cross-
shaped protrusion 182/ provides the pretilt to the liquid crys-
tal molecules positioned at the center of the square region
thereby controls an arrangement direction of the liquid crystal
molecules and, as a result, texture is reduced. A plurality of
first minute branch electrodes 193/ extend in the edge of the
oblique direction of the first partial plate electrode 192/4. The
plurality of first minute branch electrodes 193/ form an angle
ot 45 degrees with is respect to the gate lines 121 or the data
lines 171, and form an angle of 90 degrees with respect to the
edge of'the oblique direction of the first partial plate electrode
192/.

The second sub-pixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
branch electrodes 193/, and is connected to the wide end of
the second drain electrode 1755 outside the region where the
second sub-pixel electrode is formed.

The second partial plate electrode 192/ has a rhombus
shape connecting each edge of the rectangle region. As a
result, each of the vertices of the thombus meets the boundary
of the rectangle region. The second partial plate electrode
192/ covers the second step providing groove 185/ of the
passivation layer and the second cross-shaped protrusion
182/. As a result, the second partial plate electrode 192/ has
the step provided by the second step providing groove 185/ of
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the passivation layer and the second cross-shaped protrusion
182/. A plurality of second minute branch electrodes 193/
extend from the edge of the oblique direction of the second
partial plate electrode 192/. A plurality of second minute
branch electrodes 193/ fill the rest of the region of the rect-
angle region, form an angle of 45 degrees with respect to the
gate lines 121 or the data lines 171, and form an angle of
9015 degrees with respect to the edge of the oblique direc-
tion of the second partial plate electrode 192/.

The first and second sub-pixel electrodes 191/ and 191/
form the first and second liquid crystal capacitors (Clca and
Cleb of FIG. 27) along with the common electrode of the
upper panel and the liquid crystal layer therebetween to main-
tain the applied voltage after the thin film transistors (Qa and
Qb of FIG. 27) are turned off.

The first and second sub-pixel electrodes 191/ and 191/
overlap the storage electrodes 135a and 1355 to form the first
and second storage capacitors Csta and Cstb, thereby is rein-
forcing the voltage storage capacity of the first and second
liquid crystal capacitors Clca and Clcb.

Hereinafter, referring to FIG. 29 and FIG. 30, a structure in
which different data voltages from the transistors Qa and Qb
are respectively applied to two sub-pixels will be described.

FIG. 29 is an equivalent circuit diagram of one pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention, and FIG. 30 is a layout view of a
lower panel of a liquid crystal display according to an exem-
plary embodiment of the present invention.

Referring to FIG. 29 and FIG. 30, the liquid crystal display
according to an exemplary embodiment of the present inven-
tion includes the lower panel 100 and the upper panel 200
facing each other, and the liquid crystal layer 3 disposed
between the two panels 100 and 200.

First, the lower panel 100 will be described.

A plurality of gate lines 121 and a plurality of storage
voltage lines 131 and 135 are formed on the insulation sub-
strate 110.

The gate lines 121 transmit gate signals, and proceed
roughly in the transverse direction. The gate lines 121 each
include a plurality of first and second gate electrodes 124a
and 1245 protruded upward.

The storage electrode lines include stems 131 extending
substantially parallel to the gate lines 121, and a plurality of
storage electrodes 135 protrude from the stems 131.

The shape and disposition of the storage electrode lines
131 and 135 may be altered in various ways.

A gate insulating layer 140 is formed on the gate lines 121
and the storage electrode lines 131 and 135, and a plurality of
semiconductors 154a and 1545 are formed on the gate insu-
lating layer 140 with amorphous silicon or crystalline silicon.

A plurality of pairs of ohmic contacts (not shown) are
formed on the semiconductors 154a and 1545, respectively.
The ohmic contacts (not shown) may be formed with silicide,
or with n+ hydrogenated amorphous silicon in which n-type
impurities are doped at a high concentration.

A plurality of pairs of data lines 171a and 1715 and a
plurality of pairs of first and second drain electrodes 175a and
1756 are formed on the ohmic contacts (not shown) and the
gate insulating layer 140.

The data lines 171a and 1714 transmit data signals, and
proceed roughly in the vertical direction such that they cross
the gate lines 121 and the stems 131 of the storage electrode
lines. The data lines 171a and 1715 include first and second
source electrodes 1734 and 1735 bent toward the first and
second gate electrode 124a and 1245 in the shape of a letter U.
The first and second source electrodes 173a and 1735 face the
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first and second drain electrodes 175a and 1755 around the
first and second gate electrodes 124a and 1244.

The first and second drain electrodes 175a and 175k
include one-side end portions partially surrounded by the first
and second source electrodes 173a and 1735, body portions
extended upwardly from the former end portions, and oppo-
site-side wide end portions to be connected with other layers.

The shape and disposition of the data lines 171a and 1715
including the first and second drain electrodes 175a and 1755
may be altered in various manners.

The first and second gate electrodes 124a and 1245, the
first and second source is electrodes 173a and 1735, and the
first and second drain electrodes 175a and 1755 form first and
second thin film transistors (TFT) Qa and Qb together with
the first and second semiconductors 154a and 1545, and the
channels of the first and second thin film transistors Qa and
Qb are formed at the first and second semiconductors 154a
and 1545 between the first and second source electrodes 173a
and 1735 and the first and second drain electrodes 175a and
1756b.

The ohmic contacts exist only between the underlying
semiconductors 154a and 1545 and the overlying data lines
171a and 1715 and drain electrodes 175a and 1755 so as to
lower the contact resistance therebetween. The semiconduc-
tors 154a and 1545 have exposed portions not covered by the
data lines 171a and 1715 and the drain electrodes 175a and
175b, including a portion thereof between the source elec-
trodes 173a and 1735 and the drain electrodes 175a and 1755.

The passivation layer is formed on the data lines 171a and
1714, the drain electrodes 175a and 1755, and the exposed
semiconductors 154a and 1545. The passivation layer is made
of an insulator and has a flat surface. The step provider pro-
viding the step to the overlying layer is formed in the passi-
vation layer of the insulator, and in FIG. 26, the step providing
grooves 185/ and 185/ and the cross-shaped protrusions 182/
and 182/ positioned between the step providing grooves 185/
and 185/ are the step provider. As shown in FIG. 28, the step
providing grooves 185/ and 185/ have a right triangle struc-
ture and are symmetrical to each other in a diagonal direction.
As a result, the passivation layer includes the cross-shaped
protrusions 1824 and 182/

The color filters may be formed under the passivation layer.

A plurality of pixel electrodes 191 are formed on the pas-
sivation layer. Each pixel electrode 191 includes the first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ formed at predetermined intervals.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ respectively include partial plate electrodes
192/ and 192/ positioned at a center thereof and a plurality of
minute branch electrodes 193/ and 193/ protruding from the
partial plate electrode 192/ and 192/ in an oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/, and is connected to the drain electrode 175a
outside the region where the first sub-pixel electrode 1917 is
formed.

The first partial plate electrode 192/ has a rhombus shape,
and each vertex of the rhombus meets the boundary of the
square region. The first partial plate electrode 192/ covers the
first step providing groove 185/ and the first cross-shaped
protrusion 182/ of the passivation layer. As a result, the first
partial plate electrode 192/ has the step provided by the first
step providing groove 185/ of the passivation layer 180 and
the first cross-shaped protrusion 182/. Here, the first cross-
shaped protrusion 182/ provides the pretilt to the liquid crys-
tal molecules positioned at the center of the square region,
thereby controlling an arrangement direction of the liquid

10

20

25

35

40

45

55

36

crystal molecules and, as a result, texture is reduced. A plu-
rality of first minute branch electrodes 193/ extend in the
edge of'the oblique direction of the first partial plate electrode
192/. The plurality of first minute branch electrodes 193/
form an angle of 45 degrees with respect to the gate lines 121
or the data lines 171, and form an angle of 90 degrees with
respect to the edge of the oblique direction of the first partial
plate electrode 1924.

The second sub-pixel electrode 191/ includes the second
partial plate electrode 192/ and a plurality of second minute
branch electrodes 193/, and is connected to the second drain
electrode 1755 outside the region where the second sub-pixel
electrode is formed.

The second partial plate electrode 192/ has a rhombus
shape connecting each edge of the rectangle region. As a
result, each of the vertices of the rhombus meets the boundary
of the rectangle region. The second partial plate electrode
192/ covers the second step providing groove 185/ of the
passivation layer and the second cross-shaped protrusion
182/. As a result, the second partial plate electrode 192/ has
the step provided by the second step providing groove 185/ of
the passivation layer and the second cross-shaped protrusion
182/. A plurality of second minute branch electrodes 193/
extend from the edge of the oblique direction of the second
partial plate electrode 192/. A plurality of second minute
branch electrodes 193/ fill the rest of the rectangle region,
form an angle of 45 degrees with respect to the gate lines 121
orthe datalines 171, and form an angle of 90+15 degrees with
respect to the edge of the oblique direction of the second
partial plate electrode 192/.

The first and second sub-pixel electrodes 191/ and 191/
form the first and second liquid crystal capacitors along with
the common electrode of the upper panel and the liquid crys-
tal layer therebetween to maintain the applied voltage after
the thin film transistors (Q of FIG. 29) are turned off.

The first and second sub-pixel electrodes 191/ and 191/
overlap the storage electrodes 135a and 1355 to form the first
and second storage capacitors Csta and Cstb, thereby rein-
forcing the voltage storage capacity of the first and second
liquid crystal capacitors Clca and Clcb.

Hereinafter, referring to FIG. 31 and FIG. 32, a structure in
which, after two sub-pixels receive the same data voltage
from the transistors Qa and Qb and then a gray scale displayed
in each sub-pixel is changed by the capacitors Csa and Csb
connected to a power source line to swing the voltage, will be
described.

FIG. 31 is an equivalent circuit diagram of one pixel of a
liquid crystal display according to an exemplary embodiment
of the present invention, and FIG. 32 is a layout view of a
lower panel of a liquid crystal display according to an exem-
plary embodiment of the present invention.

As shown in FIG. 31, the liquid crystal display according to
an exemplary embodiment of the present invention includes
the gate line GL, the data line DL, the first power line SL1, the
second power line SL.2, and the first switching element Qa
and the second switching element Qb connected to the gate
line GL and the data line DL.

The liquid crystal display according to an exemplary
embodiment of the present invention further includes the
assistance step-up capacitor Csa and the first liquid crystal
capacitor Clca connected to the first switching element Qa,
and the assistance step-down capacitor Csb and the second
liquid crystal capacitor Clcb connected to the second switch-
ing element Qb.

The first switching element Qa and the second switching
element Qb are made of a three terminal element, such as a
thin film transistor. The first switching element Qa and the
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second switching element Qb are connected to the same gate
line GL and the same data line DL to be turned on such that the
same data signals are output at the same time.

A voltage that swings with a constant period is applied to
the first power line SL.1 and the second power line SL.2. The
first low voltage is applied to the first power line SL.1 during
the predetermined period (for example 1H), and the first high
voltage is applied to the first power line SL.1 during a next
predetermined period. The second high voltage is applied to
the second power line SL.2 during the predetermined period,
and the second low voltage is applied to the second power line
SL.2 during the next predetermined period. In this case, the
first period and the second period are repeated several times
during one frame, such that the voltage that swings is applied
to the first power line SL.1 and the second power line SL.2. In
this case, the first low voltage and the second low voltage may
be the same, and the first high voltage and the second high
voltage may be the same.

The assistance step-up capacitor Csa is connected to the
first switching element Qa and the first power line SL.1, and
the assistance step-down capacitor Csb is connected to the
second switching element Qb and the second power line SL.2.

The voltage Va of the terminal (hereinafter referred to as
“the first terminal”) through which the assistance step-up
capacitor Csa is connected to the first switching element Qa is
decreased if the first low voltage is applied to the first power
line SL1, but is increased if the first high voltage is applied to
the first power line SL1. Next, the voltage Va of the first
terminal is swung according to the swing of the voltage of the
first power line SL1.

The voltage Vb of the terminal (hereinafter referred to as
“the second terminal”') through which the assistance step-
down capacitor Csb is connected to the first switching ele-
ment Qb is increased if the second high voltage is applied to
the second power line SL.2, but is decreased if the second low
voltage is applied to the second power line SI.2. Next, the
voltage Vb of the second terminal is swung according to the
swing of the voltage of the second power line SL.2.

As described above, although the same data voltage is
applied to two sub-pixels, the voltages Va and Vb of the pixel
electrodes of two sub-pixels are different according to the
magnitude of the voltages swung in the first and second power
lines SL1 and SL2 such that the transmittance of the two
sub-pixels is different, thereby improving lateral visibility.

Referring to FIG. 32, the structure of the liquid crystal
display according to is another exemplary embodiment of the
present invention will be described.

A plurality of gate lines 121, a first power line 1314, and a
second power line 1315 are formed on the first substrate (not
shown) made of transparent glass or plastic.

The gate line 121 transmits the gate signals and extends
mainly in the transverse direction. The gate line 121 includes
the first gate electrode 124a protruding upward and the sec-
ond gate electrode 1245 protruding downward.

The voltage that is swung with the predetermined period is
applied to the first power line 131a and the second power line
1315.

The first low voltage is applied to the first power line 131a
during the predetermined period (for example 1H), and the
first high voltage is applied to the first power line 131a during
the next predetermined period. The second high voltage is
applied to the second power line 1315 during the predeter-
mined period, and the second low voltage is applied to the
second power line 1315 during the next predetermined
period. In this case, the first period and the second period are
repeated several times during one frame, such that the voltage
swings are repeatedly applied to the first power line 131a and
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the second power line 13154. In this case, the first low voltage
and the second low voltage may be the same, and the first high
voltage and the second high voltage may be the same.

The first power line 131a may be formed at an upper side
based on the gate line 121, and the second power line 1315
may be formed at a lower side based on the gate line 121.

The gate insulating layer (not shown) is formed on the gate
line 121, the first power line 1314, and the second power line
1314. The semiconductor island (not shown) is formed on the
gate insulating layer. The semiconductor is positioned on the
first and second gate electrodes 124a and 1245.

The plurality of data lines 171, the first source electrode
173a, the second source electrode 1735, the first drain elec-
trode 1754, and the second drain electrode 1755 are formed
on the semiconductor and the gate insulating layer.

The data lines 171 transmit the data signals and extend
mainly in the longitudinal direction, thereby intersecting the
gate lines 121 and the power lines 131a and 1315. As shown
in FIG. 32, the data lines 171 are not formed to be straight.
Each data line 171 includes a first sub-data line 171 and a
second sub-data line 1715 that are connected to each other,
and the first sub-data line 1714 and the second sub-data line
1715 are disposed at different locations. The first sub-data
line 171a is formed along the edge of the pixel electrode 191
adjacent to the right side of the data line 171, and the second
sub-data line 1715 is formed along the edge of the pixel
electrode 191 adjacent to the left side of the data line 171.

The first source electrode 1734 and the second source
electrode 1735 respectively protrude from the data line 171
on the first gate electrode 124a and the second gate electrode
1245. The first source electrode 173a and the second source
electrode 1735 protrude from the same data line 171 and
thereby receive the same data voltage. The first source elec-
trode 173a and the second source electrode 1735 may be
formed with a “U” shape.

The first drain electrode 175a is separated from the first
source electrode 1734, and includes the bar-shaped end fac-
ing the first source electrode 173a based on the first gate
electrode 124a and the expansion extended to partially over-
lap the first power line 131a. The bar-shaped end of the first
drain electrode 175a is partially enclosed by the first source
electrode 173a of the “U” shape. The extension of the first
drain electrode 1754 is cross-shaped.

The second drain electrode 1755 is separated from the
second source electrode 1735, and includes the bar-shaped
end facing the second source electrode 17356 based on the is
second gate electrode 1245 and the expansion extended to
partially overlap the first power line 1315. The bar-shaped end
of'the second drain electrode 1755 is partially enclosed by the
second source electrode 1735 of the “U” shape. The extension
of the first drain electrode 1754 is cross-shaped.

The first gate electrode 124a, the first source electrode
173a, and the first drain electrode 1754 form the first switch-
ing element (Qa of FIG. 31), and the second gate electrode
1245, the second source electrode 1735, and the second drain
electrode 1756 form the second switching element (Qb of
FIG. 31).

The passivation layer is formed on the data line 171, the
first and second source electrodes 173a and 17354, and the first
and second drain electrodes 1754 and 175b. The passivation
layer is made of the insulator and has a flat surface. The step
provider providing the step to the overlying layer is formed in
the passivation layer of the insulator, and in FIG. 32, the step
providing grooves 185/ and 185/ and the cross-shaped pro-
trusions 182/ and 182/ positioned between the step providing
grooves 185/ and 185/ are the step provider. As shown in FIG.
32, the step providing grooves 185/ and 185/ have a right



US 9,274,377 B2

39

triangle structure and are symmetrical to each other in a
diagonal direction. As a result, the passivation layer 180
includes the cross-type protrusions 182/ and 182/.

The passivation layer includes a first contact hole 181a
exposing a portion of the first drain electrode 175a and a
second contact hole 1815 exposing a portion of the second
drain electrode 1755.

The color filter may be formed under the passivation layer.

A plurality of pixel electrodes 191 are formed on the pas-
sivation layer. Each pixel electrode 191 includes the first
sub-pixel electrode 191/ and the second sub-pixel electrode
191/ formed at predetermined intervals.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ respectively include partial plate electrodes
192/ and 192/ positioned at a center thereof, and a plurality of
minute branch electrodes 193/ and 193/ protrude from the
partial plate electrode 192/ and 192/ in an oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 1934, and is connected to the extension of the first
drain electrode 1754 in the center (the first partial plate elec-
trode 192%) of the region where the first sub-pixel electrode
191/ is formed. The position where the first drain electrode
175a and the first sub-pixel electrode 191/ are connected is
on the first cross-shaped protrusion 182/ in FIG. 32. Accord-
ing to an exemplary embodiment, the first drain electrode
175a and the first sub-pixel electrode 191/ may be connected
through the first step providing groove 185/ or at another
region.

The first partial plate electrode 192/ has a rhombus shape,
and each vertex of the rhombus meets the boundary of the
quadrangle region. The first partial plate electrode 192/ cov-
ers the first step providing groove 185/ and the first cross-
shaped protrusion 182/ of the passivation layer. As a result,
the first partial plate electrode 192/ has the step provided by
the first step providing groove 185/ of the passivation layer
180 and the first cross-shaped protrusion 182/. Here, the first
cross-shaped protrusion 182/ provides the pretilt to the liquid
crystal molecules positioned at the center of the quadrangle
region, thereby controlling an arrangement direction of the
liquid crystal molecules and, as a result, texture is reduced. A
plurality of first minute branch electrodes 193/ extend in the
edge of'the oblique direction of the first partial plate electrode
192h. The plurality of first minute branch electrodes 193/
form an angle of 45 degrees with respect to the gate lines 121
orthe data lines 171, and form an angle of 90+15 degrees with
respect to the edge of the oblique direction of the first partial
plate electrode 1924.

Meanwhile, the second sub-pixel electrode 191/ includes
the second partial plate electrode 192/ and a plurality of
second minute branch electrodes 193/, and is connected to the
extension of the second drain electrode 1755 in the center (the
second partial plate electrode 192/) of the region where the
second sub-pixel electrode 191/ is formed. The position
where the second drain electrode 1755 and the second sub-
pixel electrode 191/ are connected is on the second cross-
shaped protrusion 182/ in FIG. 32. However, according to an
exemplary embodiment, the second drain electrode 1756 and
the second sub-pixel electrode 191/ may be connected
through the second step providing groove 185/ or at another
region.

The second partial plate electrode 192/ has a rhombus
shape connecting each edge of the quadrangle region. As a
result, each of the vertices of the thombus meets the boundary
of the quadrangle region. The second partial plate electrode
192/ covers the second step providing groove 185/ of the
passivation layer and the second cross-shaped protrusion

10

20

25

30

35

40

45

50

55

60

65

40

182/. As a result, the second partial plate electrode 192/ has
the step provided by the second step providing groove 185/ of
the passivation layer and the second cross-shaped protrusion
182/. A plurality of second minute branch electrodes 193/
extend from the edge of the oblique direction of the second
partial plate electrode 192/. The plurality of second minute
branch electrodes 193/ fill the rest of the rectangle region,
form an angle of 45 degrees with respect to the gate lines 121
orthe datalines 171, and form an angle of 90+15 degrees with
respect to the edge of the oblique direction of the second
partial plate electrode 192/.

Although not shown in the drawings, a common electrode
(not shown) to which a constant voltage is applied is formed
on a second substrate (not shown) that faces a first substrate is
while being attached thereto, and a liquid crystal layer (not
shown) is formed between the first substrate and the second
substrate.

The first sub-pixel electrode 191a and the second sub-pixel
electrode 1915 maintain the applied voltage even after the
first and second switching elements Qa and Qb are in an off
state by forming first and second liquid crystal capacitors
Clca and Clcb in conjunction with the common electrode that
is formed on the second substrate and the liquid crystal layer
disposed therebetween.

The first sub-pixel electrode 191a forms the assistance
step-up capacitor (Csa of FIG. 31) along with the first power
line 131a and the passivation layer dis[posed therebetween
such that the voltage of the first liquid crystal capacitor (Clca
of FIG. 31) is increased. The second sub-pixel electrode 1915
forms the assistance step-down capacitor (Csb of FIG. 31)
along with the second power line 1315 and the passivation
layer interposed therebetween such that the voltage of the
second liquid crystal capacitor (Clcb of FIG. 31) is decreased.
According to the voltage applied to the power lines 1314 and
1314, the assistance step-up capacitor (Csa of FIG. 31)
decreases the voltage of the first liquid crystal capacitor (Clca
of FIG. 31), and the assistance step-down capacitor (Csb of
FIG. 31) increases the voltage of the second liquid crystal
capacitor (Clcb of FIG. 31).

The alignment layer may be formed on the first and second
substrates of the liquid crystal display according to the exem-
plary embodiment of the present invention, and photoalign-
ment (referring to FIG. 44) that controls the alignment direc-
tion and alignment angle of the liquid crystal may be
implemented by irradiating light to the alignment layer.

In FIG. 32, the portion B is a region in which texture
occurs, and luminance is higher there as compared with the
other regions. Accordingly, the texture effect may be is
decreased by covering the corresponding portion. Among
them, the vertical line portion that crosses the center of the
first and second sub-pixel electrodes 191a and 1915 does not
have a large difference in the luminance of the other region in
view of a side and a front thereof because the liquid crystal
lies at an angle of 0 degrees. On the other hand, the horizontal
line portion that crosses the center of the first and second
sub-pixel electrodes 191a and 1915 has a large difference in
the luminance of the other region in view of a side thereof
because the liquid crystal stands at an angle of 90 degrees.

Therefore, the first power line 131a and the second power
line 1315 may be formed so that they cover the horizontal line
portion that crosses the center of the first sub-pixel electrode
191a and the second sub-pixel electrode 1915, thereby pre-
venting the effect by the texture.

In FIG. 32, the structure of the data line 171 is not formed
with a straight shape to cover the texture formed at the edge of
the pixel.
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That is, the first sub-data line 1714 and the second sub-data
line 1715 are alternately disposed to be connected to each
other. The first and second sub-pixel electrodes 191a and
1915 are divided into an upper part and a lower part, respec-
tively, the edges of the left sides of the upper parts of the first
and second sub-pixel electrodes 191a and 1915 overlap the
first sub-data line 1714, and the edges of the right sides of the
lower parts of the first and second sub-pixel electrodes 191a
and 1915 overlap the second sub-data line 1715. Therefore,
according to this arrangement, the texture that is formed at the
edge of the pixel may be decreased.

As showninFIG. 1, FIG. 4, FIG. 7, FIG. 17, and FIG. 25 to
FIG. 32, as in an exemplary embodiment of the present inven-
tion, the structure including the partial plate electrode, the
minute branch electrode, and the step provider may be
applied to various is exemplary embodiments in which one
pixel is divided into at least two sub-pixels. This may be
applied to a case where one pixel is not divided.

In the following exemplary embodiments, an exemplary
embodiment in which the step provider such as the opening is
formed in the color filter 230 will be described with reference
to FIG. 33 to FIG. 43.

First, a liquid crystal display according to another exem-
plary embodiment of the present invention will be described
with reference to FIG. 33 to FIG. 35.

FIG. 33 is a layout view of a liquid crystal display accord-
ing to an exemplary embodiment of the present invention,
FIG. 34 is a cross-sectional view taken along the line XXXIV-
XXXIV of FIG. 33, and FIG. 35 is an equivalent circuit
diagram of one pixel of the liquid crystal display of FIG. 33.

Referring to FIG. 33 and FIG. 34, the liquid crystal display
according to the present exemplary embodiment includes the
lower panel 100 and the upper panel 200 facing each other, a
liquid crystal layer 3 interposed between the two display
panels 100 and 200, and a pair of polarizers (not shown)
attached at the outer surfaces of the display panels 100 and
200.

Now, the lower panel 100 will be described.

A plurality of gate conductors including a plurality of gate
lines 121, a plurality of step-down gate lines 123, and a
plurality of storage electrode lines 131 are formed on an
insulation substrate 110.

The gate lines 121 and the step-down gate lines 123 trans-
fer gate signals and mainly extend in a transverse direction.
Each gate line 121 includes a first gate electrode 124/ and a
second gate electrode 124/ protruding upward and down-
ward, and each step-down gate line 123 includes a third gate
electrode 124¢ protruding upward. In the exemplary embodi-
ment is of FIG. 33, the first gate electrode 124/ and the second
gate electrode 124/ are connected to each other, thereby form-
ing one protrusion.

The storage electrode lines 131 are mainly extended in the
transverse direction, and transfer the predetermined voltage
such as the common voltage Vcom. The storage electrode line
131 includes the storage electrodes 1354, 1356, and 135¢, and
the capacitor electrode 134 extending downward. The storage
voltage line 131 includes two first longitudinal storage elec-
trode parts 1354 extending upward, a transverse storage elec-
trode part 1355 connecting the two first longitudinal storage
electrode parts 1354, and two second longitudinal storage
electrode parts 135¢ further extending upward from the trans-
verse storage electrode part 1355.

The first longitudinal storage electrode part 1354 is formed
along a longitudinal edge of the first sub-pixel electrode 191/
formed thereon, and the second longitudinal storage elec-
trode part 135¢ is formed along the longitudinal edge of the
second sub-pixel electrode 191/ formed thereon. The trans-
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verse storage electrode part 1355 is positioned between a
transverse edge of the previous second sub-pixel electrode
191/ and the transverse edge of the current first sub-pixel
electrode 1914, and is formed along the two transverse edges.

As a result, the first longitudinal storage electrode part
135a and the transverse storage electrode part 13556 are
formed along the edge of the first sub-pixel electrode 191/,
thereby at least partially overlapping the first sub-pixel elec-
trode 1914, and the second longitudinal storage electrode part
135¢ and the transverse storage electrode part 1355 are
formed along the edge of the second sub-pixel electrode 191/,
thereby at least partially overlapping the second sub-pixel
electrode 19117

In FIG. 33, the overlying transverse storage electrode part
1355 and the is underlying transverse storage electrode part
1354 appear to be separated from each other, but in actuality,
the transverse storage electrode parts 1355 of the pixels PX
that are adjacent up and down are electrically connected to
each other.

A gate insulating layer 140 is formed on the gate conduc-
tors 121 and 123 and the storage voltage line 131.

A plurality of semiconductors made of hydrogenated
amorphous silicon (a-Si), polysilicon, or so on, are formed on
the gate insulating layer 140. The semiconductors are extend
mainly in the vertical direction, and each semiconductor
includes first and second semiconductors 1547 and 154/
extending toward the first and second gate electrodes 124/
and 124/ and connected to each other, and a third semicon-
ductor 154¢ connected to the second semiconductor 154/. The
third semiconductor 154¢ is extended, thereby forming a
fourth semiconductor 157.

A plurality of ohmic contacts (not shown) are formed on
the semiconductors 154/, 154/, and 154¢, wherein the first
ohmic contact (not shown) is formed on the first semiconduc-
tor 154/, and the second ohmic contact (not shown) and the
third ohmic contact (not shown) are respectively formed on
the second semiconductor 154/ and the third semiconductor
154c¢. The third ohmic contact is extended, thereby forming a
fourth ohmic contact 167.

A data conductor including a plurality of data lines 171, a
plurality of first drain electrodes 1754, a plurality of second
drain electrodes 175/, and a plurality of third drain electrodes
175c¢, is formed on the ohmic contacts.

The data lines 171 transmit data signals and extend in the
longitudinal direction, thereby intersecting the gate lines 121
and the step-down gate lines 123. Each data line 171 includes
a first source electrode 173/ and a second source electrode
173/ extending toward a first is gate electrode 124% and a
second gate electrode 124/ and connected to each other.

The first drain electrode 1754, the second drain electrode
175/, and the third drain electrode 175¢ have one end portion
having a wide area and the other end portion having a linear
shape. The bar end portions of the first drain electrode 175/
and the second drain electrode 175/ are partially enclosed by
the first source electrode 173/ and the second source elec-
trode 173/. The wide end portion of the second drain electrode
175/ is again extended thereby forming a third source elec-
trode 173¢ having a “U” shape. The wide end portion 177¢ of
the third drain electrode 175¢ overlaps the capacitor electrode
134, thereby forming the step-down capacitor Cstd, and the
bar end portion is partially enclosed by the third source elec-
trode 173c.

The first/second/third gate electrode 124/4/1241//124c¢, the
first/second/third source electrode 173/4/1731/173¢, and the
first/second/third drain electrode 175/4/175//175¢ form a first/
second/third thin film transistor (TFT) Qh/Ql/Qc along with
the first/second/third semiconductor island 154/4/154//154c¢,
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and a channel of the thin film transistor is respectively formed
in the semiconductor 154/4/154//154¢ between the source
electrode 173/4/1731/173¢ and the drain electrode 1754/1751/
175¢.

The semiconductors, including the semiconductors 154/,
154/, and 154¢ except for the channel region between the
source electrodes 1734, 173/, and 173¢ and the drain elec-
trodes 175k, 175/, and 175¢, have substantially the same
shape as the data conductors 171, 175k, 175/, and 175¢ and
the first to fourth ohmic contacts. That is, the semiconductors
including the semiconductors 154/, 154/, and 154¢ have a
portion that is exposed without being covered by the data
conductors 171, 1754, 175/, and 175¢, and a portion between
the source electrodes 1734, 173/, and 173¢ and the drain
electrodes 1754, 175/, and 175c¢.

Alower passivation layer (not shown) made of an insulator
such as silicon nitride or silicon oxide is formed on the data
conductors 171, 175k, 175/, 175¢ and the exposed semicon-
ductors 1544, 154/, and 154c¢.

The color filter 230 is positioned on the lower passivation
layer (not shown). Each color filter 230 is formed in the
longitudinal direction between the neighboring data lines
171, and has openings 235/ and 235/ overlapping the first and
second sub-pixel electrodes 191/ and 191/. As shown in FIG.
33, the openings 235/ and 235/ have aright triangle structure
and are symmetrical to each other in the diagonal direction.
As a result, the color filter 230 includes a cross-shaped pro-
trusion 232. Each color filter 230 may display one of three
primary colors such as red, green, and blue, and the color
filters 230 may overlap each other on the data line 171.

An upper passivation layer 180¢ is formed on the lower
passivation layer (not shown) exposed by the openings 235/
and 235/ and the color filter 230. The upper passivation layer
180g prevents peeling of the color filter 230, and suppresses
contamination of the liquid crystal layer 3 by an organic
material of the solvent that flows in from the color filter 230,
so it prevents defects, such as afterimages, that may occur
when an image is driven, and may be made of the insulator
such as silicon nitride or silicon oxide, or an organic material.

The lower passivation layer (not shown), the color filter
230, and the upper passivation layer 180¢ have a plurality of
first contact holes 185/ and a plurality of second contact holes
185/ respectively exposing the wide ends of the first drain
electrode 175/ and the second drain electrode 175/.

A plurality of pixel electrodes 191 are formed on the upper
passivation layer 180g. The pixel electrode 191 includes the
first sub-pixel electrode 191/ and the second sub-pixel elec-
trode 191/ that are separated based on two gate lines 121 and
123, are disposed up and is down the pixel area, and neighbor
each other in the column direction.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ respectively include the partial plate electrode
192/ and 192/ and a plurality of minute branch electrodes
193/ and 193/ protruding from the partial plate electrode
192/ and 192/ in the oblique direction.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 1937 positioned in the square region and con-
nected to a wide end portion of the first drain electrode 175a
by the first connection 197/ extending outside the square
region.

The first partial plate electrode 192/ has a rhombus shape,
a center thereof is positioned at a center of the square region,
and each vertex of the rhombus meets the boundary of the
square region. The first partial plate electrode 192/ covers the
opening 235/ of the color filter 230 and the first cross-shaped
protrusion 232/. As a result, the first partial plate electrode
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192/ has the step provided by the first opening 235/ of the
color filter 230. Here, referring to FIG. 34, a first cross-shaped
protrusion 232/ provides a pretilt to the liquid crystal mol-
ecules positioned at the center of the square region, thereby
controlling an arrangement direction of the liquid crystal
molecules and, as a result, the texture is reduced.

A plurality of first minute branch electrodes 193/ extend in
an edge of the oblique direction of the first partial plate
electrode 1924. A plurality of first minute branch electrodes
193/ fill the rest of the square region, form an angle of 45
degrees with respect to the gate lines 121 or the data lines 171,
and form an angle of 90 degrees with respect to the edge of the
oblique direction of the first partial plate electrode 192/.

In the exemplary embodiment of FIG. 33, the first sub-
pixel electrode 191/ is includes the first minute branch con-
nection 194/ connecting the first partial plate electrode 192/
and the ends of a plurality of first minute branch electrodes
193/ in a longitudinal direction or a horizontal direction.
However, according to an exemplary embodiment, the first
connection 194/ may be omitted, and in this case, a plurality
of first minute branch electrodes 193/ protrude to the outside.

On the other hand, the second sub-pixel electrode 191/
includes the second partial plate electrode 192/ and a plurality
of second minute branch electrodes 193/ formed in the rect-
angle region having a longitudinal edge, and is connected to
the wide end portion of the second drain electrode 175/ by the
second minute branch connection 194/ extending outside the
rectangle region.

The second partial plate electrode 192/ has a rhombus
shape having the length of all edges being the same, the center
thereof is positioned at the center of the rectangle region, and
the left/right vertices of the vertices of the rhombus meet the
boundary of the rectangle region. Longitudinal extensions
195/ extending in the vertical direction are connected at the
remaining two vertices of the second partial plate electrode
192/, and the other end of the longitudinal extensions 195/
meets the boundary of the rectangle region. The second par-
tial plate electrode 192/ covers the second opening 235/ of the
color filter 230 and the second cross-shaped protrusion 232/.
As aresult, the second partial plate electrode 192/ has the step
provided by the second opening 235/ of the color filter 230, as
shown in FIG. 33 and FIG. 34. A plurality of second minute
branch electrodes 193/ extend from the edge of the oblique
direction of the second partial plate electrode 192/ and two
longitudinal extensions 195/. A plurality of second minute
branch electrodes 193/ fill the rest of the rectangle region,
form an angle of 45 degrees with respect to the gate line 121
orthe data line 171, and form an angle of 90+15 degrees with
is respect to the edge of the oblique direction of the second
partial plate electrode 192/.

In the exemplary embodiment of FIG. 32, the second sub-
pixel electrode 191/ includes the second partial plate elec-
trode 192/ and the second longitudinal connection 194/ con-
necting the ends of a plurality of second minute branch
electrodes 193/ in the longitudinal direction. At this time, the
first longitudinal connection 194/ and the first minute branch
electrode 193/ form an angle of 45 degrees. However, accord-
ing to an exemplary embodiment, the second longitudinal
connection 194/ may be omitted and, in this case, a plurality
of second minute branch electrodes 193/ protrude outside.

The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/ receive the data voltage from the first drain
electrode 175/ and the second drain electrode 175/ through
the first contact hole 185/ and the second contact hole 185/.
The first sub-pixel electrode 191/ and the second sub-pixel
electrode 191/to which the data voltage is applied generate an
electric field in conjunction with the common electrode 270
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of'the common electrode panel 200 to determine a direction of
the liquid crystal molecules of the liquid crystal layer 3
between the two electrodes 191 and 270. As described above,
according to the determined direction of the liquid crystal
molecules, the luminance of light that passes through the
liquid crystal layer 3 is changed.

The first sub-pixel electrode 191/ and the common elec-
trode 270 form the first liquid crystal capacitor Clch in con-
junction with the liquid crystal layer 3 therebetween, and the
second sub-pixel electrode 191/ and the common electrode
270 form the second liquid crystal capacitor Clcl in conjunc-
tion with the liquid crystal layer 3 therebetween, so that the
applied voltage is maintained even though the first and second
thin film transistors Qh and QI are turned off.

The first and second sub-pixel electrodes 191/ and 191/
overlap the storage is electrode 135 and the storage electrode
line 131 to form the first and second storage capacitors Csth
and Cstl, and the first and second storage capacitors Csth and
Cstl strengthen the voltage maintaining ability of the first and
second liquid crystal capacitors Clch and Clcl.

The capacitor electrode 134 and the wide end portion 177¢
of the third drain electrode 175¢ overlap the gate insulating
layer 140 and semiconductor layers 157 and 167 therebe-
tween to form a voltage drop capacitor Cstd. In another exem-
plary embodiment of the present invention, the semiconduc-
tor layers 157 and 167 that are disposed between the capacitor
electrode 134 and the wide end portion 177¢ of the third drain
electrode 175¢ that constitute the voltage drop capacitor Cstd
may be removed.

The lower alignment layer (not shown) is formed on the
pixel electrode 191 and the exposed upper passivation layer
180g. The lower alignment layer may be a vertical alignment
layer and may include the photo-reactive material.

The upper panel 200 will be described below.

The light blocking member 220 is positioned under the
insulation substrate 210. The light blocking member 220 is
referred to as a black matrix and prevents light leakage. The
light blocking member 220 extends upward and downward
according to the gate line 121 and the step-down gate line 123
and covers a region of the first thin film transistor Qh, the
second thin film transistor Ql, and the third thin film transistor
Qc, and extends according to the data line 171 and covers the
surroundings of the data line 171. The region that is not
covered by the light blocking member 220 emits light to the
outside, thereby displaying the images.

The planarization layer 250 providing a planar lower sur-
face and made of the organic material is formed under the
light blocking member 220. According to the exemplary
embodiment of FIG. 34, the light blocking member 220 is
formed in the upper panel 200, is although it may be formed
in the lower panel 100 according to an exemplary embodi-
ment.

The common electrode 270 made of the transparent con-
ductive material is formed under the planarization layer 250.

The upper alignment layer (not shown) is formed under the
common electrode 270. The upper alignment layer may be a
vertical alignment layer and may be an alignment layer in
which a photo-polymer material is photo-aligned.

The polarizers (not shown) are formed on the outer surface
of'the display panels 100 and 200, the polarization axes of the
two polarizers are crossed, and one polarization axis thereof
may be parallel to the gate lines 121. Alternatively, the polar-
izer may be disposed on only one outer surface among the two
display panels 100 and 200.

The liquid crystal layer 3 has negative dielectric anisot-
ropy. The liquid crystal molecules of the liquid crystal layer 3
are arranged such that a longitudinal axis of the liquid crystal
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molecules may be perpendicular to the surfaces of the two
panels 100 and 200 in the case in which an electric field does
not exist. Therefore, the incident light does not pass through
the crossed polarizers but is blocked in a state in which there
is no electric field.

As described above, because the first sub-pixel electrode
191/ and the second sub-pixel electrode 191/ to which the
data voltage is applied generate an electric field in conjunc-
tion with the common electrode 270 of the common electrode
panel 200, the liquid crystal molecules of the liquid crystal
layer 3, which are aligned vertically with respect to the sur-
faces of the two electrodes 191 and 270 in a state in which
there is no electric field, lie in a horizontal direction with
respect to the surfaces of the two electrodes 191 and 270, and
the luminance of light that passes through the liquid crystal
layer 3 is changed according to the degree of'tilt of the liquid
crystal molecules.

The liquid crystal display further includes a spacer (not
shown) to maintain a cell gap between two display panels 100
and 200, and the spacer is attached to the upper panel 200 and
may be positioned under the common electrode 270.

The liquid crystal layer 3 disposed between the lower panel
100 and the upper panel 200 includes liquid crystal molecules
31 having negative dielectric anisotropy.

The liquid crystal layer 3 may further include a polymer
that is polymerized by light, such as ultraviolet rays. The
polymer included in the liquid crystal layer 3 provides the
pretilt to the liquid crystal layer 3, and a method providing the
pretilt angle will be described in detail in FIG. 44. That is, the
liquid crystal layer 3 may not include the polymer when the
arrangement direction is sufficiently controlled without the
polymer providing the pretilt angle. Meanwhile, according to
an exemplary embodiment of the present invention, the align-
ment layer formed in the upper panel 200 and the lower panel
100 may include the polymer that is polymerized by the light
such as ultraviolet rays, and the polymer may be included
through the method shown in FIG. 44. At this time, the liquid
crystal layer 3 may not include the polymer.

The exemplary embodiment of FIG. 33 includes the upper
passivation layer 180g and the lower passivation layer (not
shown). That is, the upper passivation layer 180g and the
lower passivation layer (not shown) are formed on and under
the color filter 230, and according to an exemplary embodi-
ment of the present invention, the upper passivation layer
180¢ and the lower passivation layer (not shown) may both be
removed or only one passivation layer may be removed.

Next, a structure of the color filter and the pixel electrode
including the characteristics in the liquid crystal display of
FIG. 33 will be described with reference to FIG. 36.

FIG. 36 is a layout view only showing a color filter and a
pixel electrode in the liquid crystal display of FIG. 33.

First, FIG. 36 shows the sub-pixel positioned at the upper
side of the pixel of FIG. 33, wherein CF indicates the color
filter and PE indicates the pixel electrode.

The color filter 230 of FIG. 36 has the opening 235. The
opening 235 includes four portions having the right triangle
structure as shown in FIG. 36, disposed diagonally across
from each other. As a result, the cross-shaped protrusion 232
is formed through the center of the color filter 230. The color
filter 230 is removed in the opening 235 of the color filter 230,
the opening 235 provides the step, and the liquid crystal
molecules are arranged in the predetermined direction by the
step.

The pixel electrode PE shown in FIG. 36 has the following
characteristics.

The first sub-pixel electrode 191/ is formed on the color
filter 230, the first sub-pixel electrode 191/ has the step pro-
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vided by the color filter 230, and the first partial plate elec-
trode 192/ of the first sub-pixel electrode 191/ has the step.

The first sub-pixel electrode 191/ includes the first partial
plate electrode 192 positioned at the center and a plurality of
first minute branch electrodes 193/ protrude from the first
partial plate electrode 192/ in the oblique direction. The first
sub-pixel electrode 1917 is connected to the wide portion of
the first drain electrode 175/ by the first connection 197/
extending outside the square region.

The first partial plate electrode 192/ has a thombus shape
and covers four first openings 235/ of the color filter 230 and
the first cross-shaped protrusion 2324.

A plurality of first minute branch electrodes 193/ extend in
an edge of the oblique direction of the first partial plate
electrode 192/ and form an angle of 90 degrees by the edge of
is the oblique direction of the first partial plate electrode 192/.
According to an exemplary embodiment of the present inven-
tion, the angle between the edge of the oblique direction of the
first partial plate electrode 192/ and the first minute branch
electrode 193/ may be changed, and may more than 85
degrees but less than 95 degrees.

The first sub-pixel electrode 191/ further includes the first
longitudinal connection 194/ connecting the first partial plate
electrode 192/ and the ends of a plurality of first minute
branch electrodes 193/ in the vertical direction. However, the
first connection 194/ may be omitted, and in this case, a
plurality of first minute branch electrodes 193/ are protruded
outside.

FIG. 36 shows the structure of the sum of the pixel elec-
trode PE and the color filter CF, having the step as a result of
the opening 235/ of the color filter 230. Referring to FIG. 34,
with regard to the sum structure CF+PE of the pixel electrode
PE and the color filter CF, the edge of the rhombus shape of
the first partial plate electrode 192/ and the longest edge in
the triangle shape of four first openings 235/ of the color filter
230 correspond to each other. That is, the longest edge in the
triangle shape of the four first openings 235/ is positioned
inside the edge of the rhombus shape of the first partial plate
electrode 192/.

A change of'the transmission and the display characteristic
by the step provided from the color filter will be described.

FIG. 37 and FIG. 38 are views showing an experimental
result using an exemplary embodiment of the present inven-
tion, where FIG. 37 is the experimental result of the display
characteristic of a case that the step is not formed and a case
that the step is formed, and FIG. 38 is the experimental result
of the display characteristic according to various steps.

First, FIG. 37 will be described.

In FIG. 37, (a) shows the display characteristic of the case
where the step is not provided from the underlying layer (for
example, the color filter) and the pixel electrode includes the
partial plate electrode and the minute branch electrode. Refer-
ring to the upper sub-pixel of (a) of FIG. 37, the texture is
formed as a cross-shape through the wide region such that the
transmittance is decreased and the luminance is decreased
and, as a result, the texture must be covered such that the
aperture ratio is decreased.

In contrast, (b) of FIG. 37 shows the display characteristic
in the case that the step is provided. When compared with the
case of (a) of FIG. 37, although the texture is generated, the
cross-shaped texture of the cross type has a relatively narrow
width such that the transmittance is high and the luminance is
high. In FIG. 37, (a) has transmittance about 84% and (b) has
transmittance of about 87% such that the case of providing the
step has the preferable transmittance and luminance, and the
aperture ratio may be increased.
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In (c) of FIG. 37, in the case of providing the step like in (b)
of FIG. 37, the arrangement direction of the liquid crystal is
controlled in the arrow direction such that the range of the
texture generation is decreased.

When providing the step as in FIG. 37, the display charac-
teristic is improved, and how the step is provided will be
described with reference to FIG. 38.

FIG. 38 is the experimental result of the display character-
istics when the step provided from the color filter 230 has the
thickness of 1000 A, 2000 A, 3000 A, and 4000 A, and the
structure of FIG. 36 is applied.

As shown in FIG. 38, when the step provided from the color
filter 230 is 1000 A, the range of the texture generation is very
wide. As the step is increased, the range of the texture gen-
eration is decreased, and when the step is 4000 A, the step is
only generated in the region of is the cross shape. Therefore,
the step provided from the color filter 230 may be more than
4000 A.

Inparticular, the cross-shaped protrusion 232 formed in the
color filter 230 provides the pretilt to the liquid crystal mol-
ecules positioned at the center of the square region, thereby
controlling the arrangement direction of the liquid crystal
molecules such that it is preferable that the height of the
cross-shaped protrusion 232 is more than 4000 A. In that case,
the arrangement direction of the liquid crystal molecules is
also controlled in the center of the square region, and the
texture may be reduced.

According to an exemplary embodiment, the color filter
230 may not be completely removed. That is, the opening 235
of the triangle shape formed in the color filter 230 is not the
opening and the color filter 230 of the predetermined thick-
ness may be formed with a remaining groove. The opening
and the groove are referred to as “a step provider” hereafter.
When the step provider is not the opening, but is instead the
groove, the color filter may be formed with a relatively
smaller thickness than the thickness of the surrounding color
filter 230 in the groove of the triangle shape. Also, according
to an exemplary embodiment of the present invention, the
color filter that is thinly formed in the groove of the triangle
shape may have a thickness that is gradually changed in at
least one direction.

As described above, the exemplary embodiment includes
the step provider (the opening or the groove). However, the
area displaying white is increased in the exemplary embodi-
ment where that the color filter 230 is completely removed
such that the luminance and the transmittance are increased,
and thereby the aperture ratio is also increased.

A pixel structure according to another exemplary embodi-
ment of the present invention will be described with reference
to FIG. 39 to FIG. 42.

FIG.39t0 FIG. 42 are layout views of a part separated from
another exemplary is embodiment of the present invention.

FIG. 39 is the exemplary embodiment in which the size of
the opening 235 of the color filter 230 and the size of the
partial plate electrode 192 are small as compared with FIG.
36. As a result, in FIG. 39, the length of the minute branch
electrode 193 is relatively long and the partial plate electrode
192 is positioned inside the square region such that the lon-
gitudinal extension 195 extending in the vertical direction and
the transverse extension 196 extending in the horizontal
direction are formed in the partial plate electrode 192.

The structure of the color filter 230 and the pixel electrode
191 according to FIG. 39 is described in detail, and the exem-
plary embodiment of FIG. 39 only shows the upper sub-pixel
among one pixel.

The color filter 230 is positioned on the substrate 110. The
thin film transistor may be formed between the color filter 230
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and the substrate 110. The color filter 230 has the opening
235h. The opening 235/ has a right triangle structure, and a
total of four openings 235/ are disposed to be symmetrical to
each other in the diagonal direction. As a result, the color filter
230 includes the cross-shaped protrusion 232/.

The first sub-pixel electrode 191/ is formed on the color
filter 230. The first sub-pixel electrode 191/ includes the first
partial plate electrode 192/ positioned at the center and a
plurality of first minute branch electrodes 1937 protruding
from the first partial plate electrode 192/ in the oblique direc-
tion. The first sub-pixel electrode 191/ includes the first par-
tial plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to the output terminal of the thin film transistor by the
first connection 197/ extending outside the square region.

The first partial plate electrode 192/ has a rhombus shape,
and the center thereof is positioned at the center of the square
region. However the size thereof is small such that the vertex
of the rhombus is separated from the boundary of the square
region by a predetermined distance. In each vertex of the
rhombus of the first partial plate electrode 1924, the longitu-
dinal extension 195/ and the transverse extension 196/
respectively extending in the vertical direction and the hori-
zontal direction are formed and meet the boundary of the
square region. Here, the line width of the longitudinal exten-
sion 195/ and the transverse extension 196/ may be the same,
and may be more than %3 and less than 1 times the line width
of the protrusion 232/ of the cross type. In reality, when
forming the cross-shaped protrusion 232/ in the color filter
230, the cross-shaped protrusion 232/ of the cross type may
have the taper structure. At this time, if the tapered side is
projected to the lower surface (hereinafter referred to as “the
line width of the tapered side”™), the line width of the tapered
side may have about 4 of the width of the lower surface
(hereinafter referred to as “a total line width”), and in this
case, the upper surface of the tapered protrusion 232/ also has
the width of about 14 of the width of the lower surface. In this
exemplary embodiment, the width of the longitudinal exten-
sion 195/ and the transverse extension 196/ may have the
width of the degree of the upper surface of at least the tapered
first protrusion 232/. At this time, the width of the longitudi-
nal extension 195/ and the transverse extension 196/ may
have a value of more than the line width of the tapered side
surface of the protrusion 232/ to less than the entire line
width.

Meanwhile, the first partial plate electrode 192/ covers the
opening 235/ of the color filter 230 and the first cross-shaped
protrusion 232/. As a result, the first partial plate electrode
192/ has the step provided by the first opening 235/ of the
color filter 230. That is, FIG. 39 is a view showing the pixel
electrode PE and the color filter CF in a plane view. However,
the structure actually has the step because of the opening 235/
of'the color filter 230. Here, the first cross-shaped protrusion
2324 controls the arrangement direction of the liquid crystal
molecules positioned at the center of the square region,
thereby reducing the texture.

A plurality of first minute branch electrodes 193/ are
extended at the edge of the oblique direction of the first partial
plate electrode 1924, and at the longitudinal extension 195/
and the transverse extension 196/. A plurality of first minute
branch electrodes 1937 fill the rest of the square region and
form the angle of 90 degrees with respect to the edge of the
oblique direction of the first partial plate electrode 1927, the
longitudinal extension 1954, and the transverse extension
196/.

The first sub-pixel electrode 191/ includes the first longi-
tudinal connection 194/ connecting the first partial plate elec-
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trode 192/ and the ends of a plurality of first minute branch
electrodes 193/ in the vertical direction. At this time, the first
longitudinal connection 1944 and the first minute branch
electrode 193/ form an angle of 45 degrees. However, accord-
ing to an exemplary embodiment of the present invention, the
first connection 194%2 may be omitted, and in this case, a
plurality of first minute branch electrodes 193/ protrude to
the outside.

According to an exemplary embodiment, the angle formed
by the edge of the oblique direction of the first partial plate
electrode 192/, the longitudinal extension 1954, and the
transverse extension 196/ and the first minute branch elec-
trode 193/ may be changed in the range of more than 85 to
less than 95 degrees. The angle between the first minute
branch electrode 193/ and the first longitudinal connection
194/ may have an angle of more than 40 to less than 50
degrees.

Inthe exemplary embodiment of FIG. 39, as shown in FIG.
44, the pretilt providing polymer 350 may be included in the
liquid crystal layer 3, and when the step provided by the
opening 235/ of the color filter 230 and the pattern of the
minute branch electrodes 193 is only controls the liquid crys-
tal molecules and the texture is not decreased, the pretilt
providing polymer 350 may additionally be used.

In the exemplary embodiment of FIG. 39, compared with
the exemplary embodiment of F1G. 33, FIG. 34, and FIG. 36,
the size of the opening 235/ of the color filter 230 is small.
However, the opening 235/ that is not formed in the color
filter 230 is formed such that the white luminance is high and
the texture is reduced by controlling the liquid crystal mol-
ecules such that the portion to be covered is reduced, thereby
resulting in an increase in the aperture ratio and the transmit-
tance.

FIG. 40 only shows the lower sub-pixel of one pixel, and
when compared with FIG. 33, the size of the opening 235/ of
the color filter 230 and the size of the partial plate electrode
192/ are the same. However, the number of openings 235/ and
the number of partial plate electrodes 192/ is twice that shown
in FIG. 33. As a result, in FIG. 40, the number of openings
235/ that are not formed in the color filter 230 is increased
such that the white luminance is high, and the aperture ratio
and the transmittance are high.

The structure of the color filter 230 and the pixel electrode
191 according to FIG. 40 will now be described in detail.

The color filter 230 is positioned on the substrate 110. The
thin film transistor may be formed between the color filter 230
and the substrate 110. The color filter 230 has the opening
235/. The opening 235/ has the right triangle structure, and
includes an opening 235/ group that is symmetrically
arranged in pairs. A total of four openings 235/ are disposed
to be symmetrical to each other in the diagonal direction, and
the cross-shaped protrusion 232/ is formed by the opening
235/ in the color filter 230. The opening 235/ groups that are
symmetrically arranged in pairs are disposed up and down,
and the cross-shaped protrusion 232/ is connected into a
straight line.

The second sub-pixel electrode 191/ is formed on the color
filter 230. The second sub-pixel electrode 191/ is divided in
two regions up and down, a pair of the second partial plate
electrodes 192/ and a plurality of second minute branch elec-
trode 193/ are formed for one region, and they respectively
correspond to the opening 235/ group that is symmetrically
arranged. The two regions divide the rectangle region up and
down, thereby respectively forming the square region.

The second partial plate electrode 192/ and a plurality of
second minute branch electrode 193/ formed in one region
will now be described.
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The second partial plate electrode 192/ positioned at the
center of one region and a plurality of second minute branch
electrodes 193/ protruding from the second partial plate elec-
trode 192/ in the oblique direction are included. The second
sub-pixel electrode 191/ includes the second partial plate
electrode 192/ positioned in the square region and a plurality
of second minute branch electrodes 193/

The second partial plate electrode 192/ has the rhombus
shape, the center thereof is positioned at the center of the
square region, and each vertex of the rhombus meets the
boundary of the square region.

The second partial plate electrode 192/ covers the second
opening 235/ of the color filter 230 and the second cross-
shaped protrusion 232/. As a result, the second partial plate
electrode 192/ has the step provided by the second opening
235/ of the color filter 230. That is, FIG. 40 is a view showing
the pixel electrode PE and the color filter CF in a plane view,
having the step formed by the opening 235/ of the color filter
230. Here, the second cross-shaped protrusion 232/ controls
the arrangement direction of the liquid crystal molecule posi-
tioned at the is center of the square region, thereby reducing
the texture.

A plurality of second minute branch electrodes 193/ extend
from the edge of the oblique direction of the second partial
plate electrode 192/. The plurality of second minute branch
electrodes 193/ fill the rest of the square region and form an
angle of 90 degrees with respect to the edge of the oblique
direction of the second partial plate electrode 192/.

The second sub-pixel electrode 191/ includes the second
longitudinal connection 194/ connecting the second partial
plate electrode 192/ and the ends of a plurality of second
minute branch electrodes 193/ in the vertical direction. The
second longitudinal connection 194/ and the second minute
branch electrode 193/ form an angle of 45 degrees. However,
according to an exemplary embodiment of the present inven-
tion, the second longitudinal connection 194/ may be omitted,
and a plurality of second minute branch electrode 193/ may
protrude outside.

According to an exemplary embodiment of the present
invention, the angle between the edge of the oblique direction
of the second partial plate electrode 192/ and the second
minute branch electrode 193/ may be changed, and may be
more than 85 degrees to less than 95 degrees. The angle
between the second minute branch electrode 193/ and the
second longitudinal connection 194/ may be changed to be
more than 40 degrees to less than 50 degrees.

A pair of the second partial plate electrodes 192/ respec-
tively formed in two regions of the second sub-pixel electrode
191/ and a plurality of second minute branch electrodes 193/
are connected by the second longitudinal connection 194/ and
have the symmetrical structure by the second longitudinal
connection 194/. The second longitudinal connection 194/ is
formed along the boundary of two up and down regions. The
opening 235/ formed in the color filter 230 is positioned at the
symmetrical position by the second longitudinal connection
194/ in the plane view. According to an exemplary embodi-
ment of the present invention, the second is longitudinal
connection 194/ may be omitted, and the second partial plate
electrodes 192/ and the second minute branch electrodes 193/
may be respectively connected directly to each other. The
second partial plate electrode 192/, a plurality of second
minute branch electrodes 193/, and the opening 235/ have a
structure that is symmetrical with respect to an imaginary line
(a line dividing the two up and down regions) formed at the
position of the second longitudinal connection 194/.

The second sub-pixel electrode 191/ may be connected to
the output terminal of the thin film transistor by the second
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connection 197/ extending from the second partial plate elec-
trode 192/ or a plurality of second minute branch electrode
193/ in the upper direction.

Inthe exemplary embodiment of FIG. 40, as shown in FI1G.
44, the pretilt providing polymer 350 may be included in the
liquid crystal layer 3, and when the step provided by the
opening 235/ of the color filter 230 and the pattern of the
minute branch electrode 193 controls only the liquid crystal
molecules and the texture is not decreased, the pretilt provid-
ing polymer 350 may additionally be used.

In the exemplary embodiment of FIG. 40, the number of
openings 235/ in the color filter 230 is twice that of the
exemplary embodiment of FIG. 33, FIG. 34, and FIG. 36,
such that the white luminance is high and the texture is
reduced by controlling the liquid crystal molecules and,
thereby, the portion to be covered is reduced, resulting in an
increase in both the aperture ratio and the transmittance.

The exemplary embodiment of FIG. 41 shows only the
lower sub-pixel of one pixel, as in FIG. 40, and compared
with FIG. 40, the size of the opening 235/ of the color filter
230 and the size of the partial plate electrode 192/ are rela-
tively small. As a result, in FIG. 40, the length of the minute
branch electrode 193/ is relatively long, and the longitudinal
extension 195/ extending from the partial plate electrode 192/
in the vertical direction and the transverse extension 196/
extending in the horizontal direction are formed.

The structure of the color filter 230 and the pixel electrode
191 according to FIG. 41 will be described in detail below.

The color filter 230 is positioned on the substrate 110. The
thin film transistor may be formed between the color filter 230
and the substrate 110. The color filter 230 has the opening
235/. The opening 235/ has the right triangle structure, and an
opening 235/ group that is symmetrically arranged in pairs is
included. However, the size of the opening 235/ is smaller
than that of the exemplary embodiment of FIG. 40. In one
opening 235/ group, a total of four openings 235/ are disposed
to be symmetrical to each other in the diagonal direction, and
the cross-shaped protrusion 232/ is formed by the opening
235/ in the color filter 230. The opening 235/ group that is
symmetrically arranged in pairs is disposed up and down, and
the cross-shaped protrusion 232/ is connected in a straight
line.

The second sub-pixel electrode 191/ is formed on the color
filter 230. The second sub-pixel electrode 191/ is divided into
two up and down regions, a pair of the second partial plate
electrodes 192/ and a plurality of second minute branch elec-
trodes 193/ are formed for one region, and they respectively
correspond to one opening 235/ group that is symmetrically
arranged. The two regions divide the rectangle region up and
down, thereby respectively forming the square region.

The second partial plate electrode 192/ and a plurality of
second minute branch electrodes 193/ formed in one region
will now be described.

The second partial plate electrode 192/ positioned at the
center of one region and a plurality of second minute branch
electrodes 193/ protruding from the second partial plate is
electrode 192/ in the oblique direction are included. The
second sub-pixel electrode 191/ includes the second partial
plate electrode 192/ positioned in the square region, and a
plurality of second minute branch electrodes 193/

The second partial plate electrode 192/ has the rhombus
shape and the center thereof is positioned at the center of the
square region. However, the size thereof is small such that
each vertex of the rhombus is separated from the boundary of
the square region by a predetermined distance. In each vertex
of'the rhombus of the second partial plate electrode 192/, the
longitudinal extension 195/ and the transverse extension 196/
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respectively extending in the vertical direction and the hori-
zontal direction are formed and meet the boundary of the
square region. Here, the line width of the longitudinal exten-
sion 195/ and the transverse extension 196/ may be the same,
and may have a size of more than 43 and less than 1 times that
of the line width of the cross-shaped protrusion 232/. In
reality, when forming the cross-shaped protrusion 232/ in the
color filter 230, the cross-shaped protrusions 232/ have the
taper structure. If the tapered side is projected to the lower
surface (hereinafter, referred to as “the line width of the
tapered side”™), the line width of the tapered side may have
about Y5 of the width of the lower surface (hereinafter,
referred to as “a total line width”), and in this case, the upper
surface of the tapered protrusion 232/ also has the width of
about %3 of the width of the lower surface. In this exemplary
embodiment of the present invention, the width of the longi-
tudinal extension 195/ and the transverse extension 196/ may
have the width similar to that of the upper surface of at least
tapered protrusion 232/. The width of the longitudinal exten-
sion 195/ and the transverse extension 196/ may have a value
of more than the line width of the tapered side surface of the
protrusion 232 to less than the entire line width.

The first partial plate electrode 192/ covers the opening
235/ of the color filter 230 and the second cross-shaped pro-
trusion 232/. As a result, the second partial plate electrode
192/ has the step provided by the first opening 235/ of the
color filter 230. That is, FIG. 41 is a view showing the pixel
electrode PE and the color filter CF in a plane view. However,
the structure has the step because of the opening 235/ of the
color filter 230. Here, the second cross-shaped protrusion
232/ controls the arrangement direction of the liquid crystal
molecules positioned at the center of the square region,
thereby reducing the texture.

A plurality of second minute branch electrodes 193/ extend
in the edge of the oblique direction of the second partial plate
electrode 192/, and the second longitudinal extension 195/
and the second-first transverse extension 196'/. A plurality of
second minute branch electrodes 193/ fill the rest of the
square region and form the angle of 90 degrees with respect to
the edge of the oblique direction of the second partial plate
electrode 192/, the second longitudinal extension 195/, and
the second-first transverse extension 196'/.

The second sub-pixel electrode 191/ includes the second
longitudinal connection 194/ connecting the second-first
transverse extension 196'/ and the ends of a plurality of sec-
ond minute branch electrodes 193/ in the vertical direction.
The second longitudinal connection 194/ and the second
minute branch electrode 193/ form an angle of 45 degrees.
However, according to an exemplary embodiment of the
present invention, the second longitudinal connection 194/
may be omitted, and in this case, a plurality of second minute
branch electrodes 193/ protrude outside.

According to an exemplary embodiment of the present
invention, the angle formed by the edge of the oblique direc-
tion of the second partial plate electrode 192/ and the second
minute branch electrode 193/ may be changed in the range of
more than 85 degrees to less than 95 degrees. The angle
between the second minute branch electrode 193/ and the
second is longitudinal connection 194/ may have an angle of
more than 40 degrees to less than 50 degrees.

A pair of the second partial plate electrodes 192/ respec-
tively formed in two regions of the second sub-pixel electrode
191/ and a plurality of second minute branch electrodes 193/
are connected by the second longitudinal connection 194/,
and have a symmetrical structure is formed by the second
longitudinal connection 194/. The second longitudinal con-
nection 194/ is formed along the boundary of two up and
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down regions. The opening 235/ formed in the color filter 230
is positioned at the symmetrical position by the second lon-
gitudinal connection 194/ in the plane view. According to an
exemplary embodiment of the present invention, the second
longitudinal connection 194/ may be omitted, and the second
partial plate electrodes 192/ and the second minute branch
electrodes 193/ may be respectively connected directly to
each other. The second partial plate electrode 192/, a plurality
of second minute branch electrodes 193/, and the opening
235/ have a structure that is symmetrical with respect to an
imaginary line (a line dividing the two up and down regions)
formed at the position of the second longitudinal connection
194/.

The second sub-pixel electrode 191/ may be connected to
the output terminal of the thin film transistor, and may have
the structure connected by the second connection 197/
extending from the second partial plate electrode 192/ or a
plurality of second minute branch electrodes 193/ in the upper
direction.

Inthe exemplary embodiment of FIG. 41, as shown in FIG.
44, the pretilt providing polymer 350 may be included in the
liquid crystal layer 3, and when only the step provided by the
opening 235/ of the color filter 230 and the pattern of the
minute branch electrodes 193 controls the liquid crystal mol-
ecules and the texture is not decreased, the pretilt providing
polymer 350 may additionally be used.

In the exemplary embodiment of FIG. 40, the number of
openings 235/ of the color filter 230 is twice that of the
exemplary embodiment of FIG. 33, FIG. 34, and FIG. 36,
such that the white luminance is high and the texture is
reduced by controlling the liquid crystal molecules such that
the portion to be covered is reduced, and, as a result, the
aperture ratio and the transmittance are increased.

In FIG. 42, the step provider 235 of the color filter 230 has
a rhombus shape, and the upper common electrode 270 has
the cross shaped opening 275.

The exemplary embodiment of FIG. 42 will be described
below.

The color filter 230 is positioned on the lower substrate
110. The thin film transistor may be formed between the color
filter 230 and the substrate 110. The color filter 230 has the
opening 235/, as opposed to another exemplary embodiment,
of'arhombus shape, having the length of all edges the same in
the present exemplary embodiment. As a result, as in another
exemplary embodiment, the cross-shaped protrusion is not
formed on the color filter 230.

The first sub-pixel electrode 191/ is formed on the color
filter 230. The first sub-pixel electrode 191/ has the same
structure as that of FIG. 36. That is, the first partial plate
electrode 192/ positioned at the center and a plurality of first
minute branch electrodes 193/ protruding from the first par-
tial plate electrode 192/ in the oblique direction are included.
The first sub-pixel electrode 191/ includes the first partial
plate electrode 192/ and a plurality of first minute branch
electrodes 193/ positioned in the square region, and is con-
nected to the output terminal of the thin film transistor by the
first connection 197/ extending outside the square region.

The first partial plate electrode 192/ has a rhombus shape,
a center thereof is positioned at a center of the square region,
and each vertex of the rhombus meets the boundary of is the
square region.

The first partial plate electrode 192/ covers the first open-
ing 235/ of the color filter 230, and the edge of the oblique
direction of the first opening 235/ and the edge of the oblique
direction of the first partial plate electrode 192/ are parallel to
each other. As a result, the first partial plate electrode 192/ has
the step provided by the first opening 235/ of the color filter
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230. That is, FIG. 42 is a view showing the pixel electrode PE
and the color filter CF in a plane view. However, it is actually
a structure having a step resulting from the opening 235/ of
the color filter 230.

A plurality of first minute branch electrodes 193/ extend in
the edge of the oblique direction of the first partial plate
electrode 192/. The plurality of first minute branch electrodes
1934 fill the rest of the region and form an angle of 90 degrees
with respect to the edge of the oblique direction of the first
partial plate electrode 1924.

The first sub-pixel electrode 191/ includes the first longi-
tudinal connection 194/ connecting the first partial plate elec-
trode 192/ and the ends of a plurality of first minute branch
electrodes 193/ in a longitudinal direction or a horizontal
direction. The first longitudinal connection 194/ and the first
minute branch electrode 193/ form an angle of 45 degrees.
However, according to an exemplary embodiment of the
present invention, the first longitudinal connection 194/ may
be omitted, and in this case, a plurality of first minute branch
electrodes 1937 may protrude to the outside.

According to an exemplary embodiment, the angle
between the edge of the oblique direction of the first partial
plate electrode 192/ and the first minute branch electrode
193/ may be changed and may be more than 85 degrees to less
than 95 degrees. The first minute branch electrode 193/ and
the first longitudinal connection 194~ may form an angle of
more is than 40 degrees to less than 50 degrees.

In the exemplary embodiment of FIG. 42, the common
electrode 270 positioned under the upper substrate 210 has
the opening 275. The opening 275 of the common electrode
270 is formed corresponding to the position of the cross-
shaped protrusion formed in the color filter 230 in another
exemplary embodiment. That is, the center of the opening of
the cross shape is positioned at the center of the square region,
and the opening is extended in the up/down and right/left
direction with the same length such that the center of the
opening of the cross shape accords with the center of the first
partial plate electrode 1924.

Here, the line width of the opening 275 of the common
electrode 270 may have a size of more than V5 to less than 1
times that of the line width of the protrusion 232 of the cross
shape formed in the color filter 230 in another exemplary
embodiment, thereby having the line width corresponding to
the line width of the longitudinal extension 195 and the trans-
verse extension 196 in another exemplary embodiment.

The opening 275 of the cross shape formed in the common
electrode 270 controls the arrangement direction of the liquid
crystal molecules in the center region at the lower region
provided by the opening 235/ of the color filter 230. As a
result, the texture that is generated from the center of the
square region to the cross shape may be maximally reduced.

In the exemplary embodiment of FIG. 42, as shown in FIG.
44, the pretilt providing polymer 350 may be included in the
liquid crystal layer 3, and at this time, when the step provided
by the opening 235/ of the color filter 230, the pattern of the
minute branch electrode 193, and the opening 275 of the
common electrode 270 only control the liquid crystal mol-
ecules but the texture is not decreased, the pretilt providing
polymer 350 may be additionally used.

In the exemplary embodiment of FIG. 42, as compared
with another exemplary embodiment, the size of the opening
2354 of the color filter 230 is large such that the white lumi-
nance is high and the texture is reduced by controlling the
liquid crystal molecules such that the portion to be covered is
reduced, resulting in an increase in the aperture ratio and the
transmittance. However, as compared with another exem-

10

15

20

25

30

35

40

45

50

55

60

65

56

plary embodiment, the common electrode 270 must be etched
once to form the opening 275 such that the additional process
is required.

In the exemplary embodiment of FIG. 42, as opposed to
another exemplary embodiment, the opening 235 ofthe color
filter 230 has the rhombus shape, and the common electrode
270 has the cross-shaped opening 275. This structure may be
applied to another exemplary embodiment of FIG. 39 to FIG.
41 as well as the exemplary embodiment of FIG. 33, F1G. 34,
and F1G. 36 like FIG. 42, and may also be applied to the lower
sub-pixel. The cross-shaped opening 275 of the common
electrode 270 is formed at the position corresponding to the
cross-shaped protrusion formed by the opening 235 of the
color filter 230 in each exemplary embodiment.

Next, a cross-sectional view of the opening 235a of the
color filter 230 according to another exemplary embodiment
of the present invention will be described with reference to
FIG. 43.

FIG. 43 is a cross-sectional view of a color filter according
to another exemplary embodiment of the present invention.

Comparing the cross-sectional view of FIG. 43 with the
cross-sectional view of FIG. 34, the opening 235 of FIG. 34
does not have the taper structure such that the side of the
opening 235 where the color filter 230 is removed has a
vertical surface. However, in FIG. 43, is the side of the open-
ing 235 has an inclined taper structure.

Usually, when forming the opening 235 in the color filter
230, a slight taper structure is generally generated, and the
angle thereof may be controlled by controlling a process
condition or by changing a mask (a transflective mask, a slit
mask, etc.). That is, the taper angle (o) in FIG. 43 may be
controlled, and the liquid crystal molecule 31 may be
arranged while having the pretilt according to the correspond-
ing taper angle (o), thereby reducing the texture. Therefore,
as shown in FIG. 44, although the pretilt providing polymer
350 is not included in the liquid crystal layer 3, the texture
may be reduced by controlling the taper angle (o) of the side
wall of the opening 235. However, according to an exemplary
embodiment of the present invention, in contrast to the case
that the texture may not be reduced although the taper angle
(o) of the side wall of the opening 235 is controlled, as shown
in FI1G. 44, the pretilt providing polymer 350 may be included
in the liquid crystal layer 3.

Meanwhile, when forming the opening 235 of the color
filter 230, the side wall generally has the inclined structure
such that the color filter 230 must be sufficiently removed to
form the opening 235, with the color filter 230 completely
removed in the opening 235. Referring to the exemplary
embodiments of FIG. 33 to FIG. 42 when considering this
point, the minimum area of the opening 235 to be provided in
one sub-pixel area is about 8%. If the opening 235 is formed
to a value of less than 8%, a portion where the color filter 230
is not completely removed may be generated. Referring to the
exemplary embodiments of FIG. 33 to FIG. 42, the maximum
area of the opening 235 to be provided in one sub-pixel area
is about 50%. Therefore, the opening 235 may formed with an
area ratio of the range of more than 8% to less than 50% in the
pixel area.

In FIG. 43, the cross-shaped protrusion 232 of the color
filter 230 has an inclined is taper structure. If the tapered side
is projected to the lower surface (hereinafter referred to as
“the line width of the tapered side”), the line width of the
tapered side may have about 14 of the width of the lower
surface (hereinafter referred to as “a total line width”), and in
this case, the upper surface of the tapered protrusion 232 also
has the width of about ¥ of the width of the lower surface.
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As described above, the opening 235 of the color filter 230
is formed as the step provider. However, the step provider is
not limited to the opening and may be formed as a groove.
That is, the color filter 230 may remain with the predeter-
mined thickness to form the groove instead of the opening
where the color filter 230 is completely removed, thereby
forming the step provider.

Meanwhile, the photo-reactive material may be included in
the liquid crystal layer or the alignment layer, and this will be
described with reference to FIG. 44.

FIG. 44 is a view of a process for providing a pretilt to
liquid crystal molecules by using a prepolymer that is poly-
merized by light such as ultraviolet rays.

Referring to FIG. 44, firstly, prepolymers 330, such as a
monomer that is polymerized by light, such as ultraviolet
rays, are injected along with a liquid crystal material between
the two display panels 100 and 200. The prepolymer 330 may
be a reactive mesogen that is polymerized by light, such as
ultraviolet rays.

The data voltage is applied to the first and second sub-pixel
electrodes and a common voltage is applied to the common
electrode of the upper panel 200, thereby forming the electric
field in the liquid crystal layer 3 between the two display
panels 100 and 200. Thus, the liquid crystal molecules 31 of
the liquid crystal layer 3 are inclined in a predetermined
direction in response to the electric field.

As described above, if light of ultraviolet rays is irradiated
such that the liquid crystal molecules 31 of the liquid crystal
layer 3 are inclined in the predetermined direction, the pre-
polymer 330 is polymerized, and as shown in FIG. 44, the
pretilt providing polymer 350 is formed. The pretilt providing
polymer 350 contacts with the display panels 100 and 200.
The liquid crystal molecules 31 are determined to have the
alignment direction in the above-described direction while
having the pretilt produced by the pretilt providing polymer
350. Accordingly, when the voltage is not applied to the field
generating electrodes 191 and 270, the liquid crystal mol-
ecules 31 are arranged with the pretilt of four directions.

As aresult, the liquid crystal molecules 31 have the pretilt
in four directions in each region of the upper and lower
sub-pixels among the pixel.

The pretilt using the polymer, as shown in FIG. 44, may be
additionally applied when the texture is not reduced through
the control for the liquid crystal molecules by the step pro-
vided by the color filter 230.

In FIG. 44, the liquid crystal layer includes the photo-
reactive material. However, the alignment layer may include
the photo-reactive material.

As described above, the partial plate electrode is formed
along with the minute pattern in the pixel electrode, thereby
increasing the viewing angle and the lateral visibility of the
liquid crystal display, as well as the response speed, and the
step provider is provided at the color filter or the overlying
layer to reinforce the control force of the liquid crystal mol-
ecules, thereby reducing the texture generated in the center of
the pixel.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations is of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display comprising:

a substrate;

apixel electrode comprising a partial plate electrode and a
plurality of branch electrodes extending from the partial
plate electrode and disposed on the substrate; and
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a step provider disposed between the substrate and the
pixel electrode,

wherein the step provider comprises a cross-shaped pro-
trusion.

2. The liquid crystal display of claim 1,

further comprising an insulator disposed between the sub-
strate and the pixel electrode,

wherein the cross-shaped protrusion and the insulator are
formed in the same layer.

3. The liquid crystal display of claim 2, wherein

the cross shaped protrusion is made of the same material as
the insulator.

4. The liquid crystal display of claim 3, wherein

the step provider further comprises a step providing groove
sharing a side surface with the cross-shaped protrusion.

5. The liquid crystal display of claim 4, wherein

the partial plate electrode covers the step providing groove.

6. The liquid crystal display of claim 5, wherein

the step providing groove has a depth of more than 3000 A.

7. The liquid crystal display of claim 6, wherein

the step providing groove comprises a tapered side wall.

8. The liquid crystal display of claim 7, wherein

a shape of the partial plate electrode corresponds to a shape
of the step providing groove.

9. The liquid crystal display of claim 8, wherein

the partial plate electrode has a polygonal shape or a cir-
cular shape.

10. The liquid crystal display of claim 9, wherein

the branch electrode is connected to the partial plate elec-
trode at an angle.

11. The liquid crystal display of claim 10, wherein

one edge of the partial plate electrode and the branch elec-
trode form an angle in a range of 90+15 degrees.

12. The liquid crystal display of claim 10, wherein

a color filter is disposed between the substrate and the
insulator.

13. The liquid crystal display of claim 12, further compris-

ing:

an opposing substrate facing the substrate; and

a liquid crystal layer disposed between the substrate and
the opposing substrate; and

an alignment layer disposed between the liquid crystal
layer and at least one of the substrate and the opposing
substrate, and

at least one of the liquid crystal layer and the alignment
layer comprises a pretilt providing polymer that is poly-
merized by light.

14. The liquid crystal display of claim 13, wherein

the partial plate electrode has a larger width in a horizontal
direction than the width in a vertical direction.

15. The liquid crystal display of claim 13, wherein

the pixel electrode comprises a first sub-pixel electrode and
a second sub-pixel electrode,

wherein the first sub-pixel electrode and the second sub-
pixel electrode respectively comprise a partial plate
electrode and a plurality of branch electrodes extending
from the partial plate electrode, and

wherein the step provider comprises the step providing
groove corresponding to the partial plate electrode and
the cross-shaped protrusion.

16. The liquid crystal display of claim 15, wherein

the partial plate electrode contacts at least one side of the
first sub-pixel electrode or the second sub-pixel elec-
trode.

17. The liquid crystal display of claim 15, wherein

the partial plate electrode has a larger width in the horizon-
tal direction than the width in the vertical direction.
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18. The liquid crystal display of claim 15, wherein

at least one of the first sub-pixel electrode and the second
sub-pixel electrode has a larger width in the vertical
direction than the width in the horizontal direction.

19. The liquid crystal display of claim 6, wherein

the step providing groove comprises an inclined lower
surface, and the lower surface is integrally formed with
one side surface and is inclined with a slope.

20. The liquid crystal display of claim 19, wherein

a shape of the partial plate electrode corresponds to the
shape of the step providing groove.

21. The liquid crystal display of claim 20, wherein

the partial plate electrode has a polygonal shape or a cir-
cular shape.

22. The liquid crystal display of claim 21, wherein

the branch electrode is connected to the partial plate elec-
trode at an angle.

23. The liquid crystal display of claim 22, further compris-

ing:

an opposing substrate facing the substrate;

a liquid crystal layer disposed between the substrate and
the opposing substrate;

an alignment layer disposed between the liquid crystal
layer and at least one of the substrate and the opposing
substrate,

wherein the liquid crystal layer and the alignment layer do
not comprise a pretilt providing polymer that is poly-
merized by,

the partial plate electrode has an octagonal shape, and

the color filter is not formed between the substrate and the
pixel electrode.

24. The liquid crystal display of claim 23, wherein

one edge of the partial plate electrode and the branch elec-
trodes form an angle in a range of 90+15 degrees.

25. The liquid crystal display of claim 23, wherein

the color filter is disposed between the substrate and the
insulator.
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26. The liquid crystal display of claim 22, further compris-
ing:

an opposing substrate facing the substrate;

a liquid crystal layer disposed between the substrate and
the opposing substrate; and

an alignment layer disposed between the liquid crystal
layer and at least one of the substrate and the opposing
substrate,

wherein at least one of the liquid crystal layer and the
alignment layer comprises a pretilt providing polymer
that is polymerized by light.

27. The liquid crystal display of claim 26, wherein

the partial plate electrode has a larger width in the horizon-
tal direction than the width in the vertical direction.

28. The liquid crystal display of claim 26, wherein

the pixel electrode comprises a first sub-pixel electrode and
a second sub-pixel electrode,

the first sub-pixel electrode and the second sub-pixel elec-
trode respectively comprise the partial plate electrode
and a plurality of branch electrodes extending from the
partial plate electrode, and

the step provider comprises a step providing groove corre-
sponding to the partial plate electrode and the cross-
shaped protrusion step provider.

29. The liquid crystal display of claim 28, wherein

the partial plate electrode is configured to contact at least
one side of the first sub-pixel electrode or the second
sub-pixel electrode.

30. The liquid crystal display of claim 28, wherein

the partial plate electrode has a larger width in the horizon-
tal direction than the width in the vertical direction.

31. The liquid crystal display of claim 28, wherein

at least one of the first sub-pixel electrode and the second
sub-pixel electrode has a larger width in the vertical
direction than the width in the horizontal direction.
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